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Preface

Scope and purpose of the HIV molecular
immunology database

HIV Molecular Immunology is a companion volume to HIV
Sequence Compendium. This publication, the 2006/2007
edition, is the printed version of the web-based HIV
Immunology Database (http://www.hiv.lanl.gov/
content/immunology/). The web interface for this re-
lational database has many search options, as well as in-
teractive tools to help immunologists design reagents and
interpret their results.

In the HIV Immunology Database, HIV-specific B-cell
and T-cell responses are summarized and annotated. Im-
munological responses are divided into three parts, CTL, T
helper, and antibody. Within these parts, defined epitopes
are organized by protein and binding sites within each pro-
tein, moving from left to right through the coding regions
spanning the HIV genome. We include human responses
to natural HIV infections, as well as vaccine studies in a
range of animal models and human trials. Responses that
are not specifically defined, such as responses to whole
proteins or monoclonal antibody responses to discontinu-
ous epitopes, are summarized at the end of each protein
section. Studies describing general HIV responses to the
virus, but not to any specific protein, are included at the
end of each part.

The annotation includes information such as cross-
reactivity, escape mutations, antibody sequence, TCR us-
age, functional domains that overlap with an epitope, im-
mune response associations with rates of progression and
therapy, and how specific epitopes were experimentally
defined. Basic information such as HLA specificities for
T-cell epitopes, isotypes of monoclonal antibodies, and
epitope sequences are included whenever possible. All
studies that we can find that incorporate the use of a spe-
cific monoclonal antibody are included in the entry for that
antibody. A single T-cell epitope can have multiple entries,
generally one entry per study.

Finally, maps of all defined linear epitopes relative to
the HXB?2 reference proteins are provided. Alignments
of CTL, helper T-cell, and antibody epitopes are available
through the search interface on our web site at http://
www.hiv.lanl.gov/content/immunology!

Only responses to HIV-1 and HIV-2 are included in
the database. CTL responses to SIVs are periodically
summarized in our review section by Dr. David Watkins
and colleagues. (A review is included in this edition).
Dr. Christian Brander and colleagues annually provide
a concise listing of optimal CTL epitopes. Additional

HIV Molecular Immunology 2006/2007

reviews that our editorial board deems of general in-
terest to the HIV research immunology community are
solicited each year. This year’s reviews are printed in
the first part of this database; reviews from previous
years can be found at http://www.hiv.lanl.gov/
content/hiv-db/REVIEWS/reviews.html.

Comments on the database or requests for the hard copy
can be sent via email to immuno@lanl.gov.

Citing the database

This publication may be cited as
HIV Molecular Immunology 2006/2007. Bette T. M.
Korber, Christian Brander, Barton F. Haynes, Richard
Koup, John P. Moore, Bruce D. Walker, and David
I. Watkins, editors. Publisher: Los Alamos National
Laboratory, Theoretical Biology and Biophysics, Los
Alamos, New Mexico.

About the cover

This year’s cover illustrates the number of defined epitopes
included in the database that span each position in the HIV
proteome. The data are also plotted in[Figure T} which is
shown on the next page. For T-cell epitopes, this density re-
flects the density of defined epitopes in the database, which
in turn roughly reflects the density of responses detected
against the whole genome by Elispots in natural infection.
Both CD8+ T-cell (or cyototoxic T lymphocyte, maroon)
and CD4+ T-cell (or Helper T cell, green) responses are
most commonly detected in Gag and Nef, and we also have
the highest density of database epitopes captured from the
literature in these regions. In contrast, the antibody epitope
database density in different locations (blue) is less mean-
ingfully captured in this graph, because only continuous
epitopes are included. Many antibody responses defined
in the database are to discontinuous epitopes, or are de-
fined regionally or by competition experiments, and other
database entries are polyclonal responses with multiple
antibodies binding to multiple regions; these not included
in this map. The database entries have other biases in fre-
quency. For example, the database is based on retrieval
of information from the literature, and so a region like the
V3 loop of HIV-1, which is of particular interest to many
investigators, has been studied with great intensity, and
this high level of interest accounts for the large spike of
nearly 120 different antibody entries in gp120.
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Figure 1: The number of defined epitopes included in the database that span each position in the HIV proteome.

About the PDF

The complete HIV Molecular Immunology 2006/2007 is
available in Adobe Portable Document Format (PDF) from
our website, http://www.hiv.lanl.gov/content/
immunology. The PDF version is hypertext enabled and
features ‘clickable’ table-of-contents, indexes, references
and links to external web sites.

This volume is typeset using IATEX. The immunology
data tables and epitope maps are produced automatically
from the SQL database by a series of Perl programs.
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Preface HIV/SIV proteins
HIV/SIV proteins
Name Size Function Localization
Gag MA pl7 membrane anchoring; env interaction; virion
nuclear transport of viral core
(myristylated protein)
CA p24 core capsid virion
NC p7 nucleocapsid, binds RNA virion
po binds Vpr virion
Protease (PR) pl5 gag/pol cleavage and maturation virion
Reverse Transcriptase (RT) p66, p51 reverse transcription virion
RNase H (heterodimer) RNAse H activity virion
Integrase (IN) DNA provirus integration virion
Env gp120/gp41 external viral glycoproteins bind to CD4  plasma membrane, virion
and chemokine co-receptors envelope
Tat plé/pl4 viral transcriptional transactivator primarily in
nucleolus/nucleus
Rev pl9 RNA transport, stability and utilization =~ primarily in
factor (phosphoprotein) nuleolus/nucleus shuttling
between nucleolus and
cytoplasm
Vif p23 viral infectivity factor, inhibits cytoplasm (cytosol,
minus-strand viral DNA hypermutation = membranes), virion
Vpr plO-15 promotes nuclear localization of virion nucleus (nuclear
preintegration complex, inhibits cell membrane?)
division, arrests infected cells at G2/M
Vpu plé promotes extracellular release of viral integral membrane protein
particles; degrades CD4 in the ER;
(phosphoprotein only in HIV-1 and
SIVcpz)
Nef p27-p25 CD4 and class I downregulation plasma membrane,
(myristylated protein) cytoplasm, (virion?)
Vpx pl2-16 Vpr homolog present in HIV-2 and some  virion (nucleus?)
SIVs, absent in HIV-1
Tev p28 tripartite tat-env-rev protein (also named primarily in
Tnv) nucleolus/nucleus
X HIV Molecular Immunology 2006/2007



Abbreviations

Abbreviations

Common abbreviations and acronyms used in this database.

Abbrev. Meaning

AA amino acid

AAV adeno-associated virus

Ab antibody

ACTG AIDS clinical trial group

ADC AIDS dementia complex

ADCC antibody-dependent cell-medicated
cytotoxicity

ADE antibody-dependent enhancement

ADRA Antiviral Drug Resistance Analysis: a
program that analyzes your sequences for
mutations known to confer drug resistance
and links to the records in the database

AIDS acquired immunodeficiency syndrome

ANN artificial neural networks

anti MHC anti major histocompatibility complex

APC antigen presenting cell

ARC AIDS related complex

ART anti-retroviral therapy

AZT azidothymidine

BIMAS Biolnformatics and Molecular Analysis
Section

BIV bovine immunodeficiency virus

BLAST Basic Local Alignment Search Tool

CAEV caprine arthritis/encephalitis virus

CD4BS CD4 binding site

CD4i antibody that has enhanced binding to gp120
in the presence of SCD4 (CD4 induced)

CDC Centers for Disease Control and Prevention

CDR complementary determining regions

CFA complete Freund’s adjuvant

CHI Center for HIV Information

CMI cell-mediated immunity

CMV cytomegaliovirus

CNS central nervous system

CP canary pox

CRF circulating recombinant form

CsA cyclosporine A

CSF cerebrospinal fluid

CTL cytotoxic T lymphocyte

CTLe CTL effector

CTLp CTL precursor

CyPA cyclophilin A

DC dendritic cell

DDDP DNA-dependent DNA polymerase

DHH U. S. Department of Health and Human
Services

dMM deopymannojirimycin

dpc days post challenge

DTT dithiothrietol

HIV Molecular Immunology 2006/2007
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Abbrev. Meaning

EIA enzyme immuno assay

EIAV equine infectious anemia virus

ELF Epitope Location Finder

ELISA Enzyme Linked ImmunoSorbent Assay

ER endoplasmic reticulum

Fabs fragment antigen binding-univalent
antibody fragment

FATT-CTL  Fluorescent antigen-transfected target
cell-CTL

FIV feline immunodeficiency virus

FP fowl pox

FSW female sex worker

GALT gut-associated lymphoid tissues

GDE format  Genetic Data Environment

ep glycoprotein

GRIV genetic resistance to HIV

HAART highly-active anti-retroviral therapy

HCV hepatitis C virus

HEPS HIV-exposed persistently seronegative

HIV human immunodeficiency virus

HIVD HIV-1 dementia

HLA human leukocyte antigens

HLA-MHC  human leukocyte antigens-major
histocompatibility complex

HMM hidden Markov models

TIAVI International AIDS Vaccine Initiative

IDE immunodominant epitope

IE genes immediate early genes

IFA incomplete Freund’s adjuvant

IFN interferon

IG format IntelliGenetics format

Ig immunoglobulin

IL interleukin

INHI immunologically normal HIV-infected

iscom immunostimulating complex

KLH keyhole limpet hemocyanin

LANL Los Alamos National Laboratory

LDA limiting dilution assay

LN lymph node

LPR lymphoproliferative response

LT labile enterotoxin

LTNP long-term non-progressor

LTR long terminal repeat

LTS long term survivor

mAb monoclonal antibody

MBL mannose-binding lectin

MCMC Markov chain Monte Carlo

MDP muramyl dipeptide

MEI multiple epitope immunogen

MHC major histocompatibility complex

MHR major homology region

ML maximum likelihood

MLV murine leukemia virus
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Amino Acid Codes

Abbrev. Meaning Abbrev. Meaning
MP maximum parsimony SIVE SIV encephalitis
mpc months post challenge SLE systemic lupus erythhermatosis
MPER membrane-proximal external region SNAP synonymous-nonsynonymous analysis
MRC Medical Research Council, UK program
MSF multiple sequence alignment format of the STI supervised treatment interruption (also seen as
GCG sequence analysis package structured treatment interruption and standard
MV measles vector treatment interruption)
MVA vector modified vaccinia virus Ankara TCLA T cell line adapted
Nab neutralizing antibody TCR T-cell receptor
NCBI National Center for Biotechnology Th T-helper cell
Information TNF tumor necrosis factor
NIAID National Institute of Allergies and VEE Venezuelan equine encephalitis
Infectious Diseases VESPA  Viral Epidemiology Signature Pattern Analysis
NIBSC National Institute for Biological Standards VIP vasoactive intestinal peptide
and Control, UK VL viral load
NIH National Institutes of Health VLP virus like particle, assembled from p55 gag
NIST National Institute of Standards and VSV vesicular stomatitis virus
Technology \'A% vaccinia virus
NJ neighbor joining WB Western Blot
NLS nuclear localization signal
NRP non-rapid progressor Amino Acid Cod
NSI non-synctium-inducing mino Acl odes
p protein -
PB peripheral blood A Alamn.e . .
. B  Aspartic Acid or Asparagine
PBL peripheral blood lymphocyte .
. C Cysteine
PBMC peripheral blood mononuclear cell . .
. . . D Aspartic Acid
PCOORD principal coordinate analysis . .
. . E Glutamic Acid
PCR polymerase chain reaction .
. . F  Phenylalanine
PERV porcine endogenous retrovirus G Glvei
PHYLIP Phylogeny Inference Package Y CIne
. H Histidine
PL proteoliposome I TIsoleuci
RAC ricin A chain K Ls oeucine
RDDP RNA-dependent DNA polymerase ysine
. L Leucine
rec/r recombinant M Methioni
RIP Recombinant Identification Program: a ethionime
. . N  Asparagine
program for detecting evidence of P Proli
inter-subtype recombination Q Grlo tme .
RIPA Radio Immuno Precipitation Assay Lamine
. R Arginine
RP rapid progressor f
. S Serine
RRE Rev-responsive element .
. T Threonine
rsgpl60 recombinant soluble gp160 .
. V  Valine
RSV Rous sarcoma virus W Tryptophan
SAM Sequence Alignment and Modeling X unknown or “other” amino acid
prograr Y Tyrosine
SAP sequential antigen panning . . .
«CD4 soluble CD4 Z  Glutamic Acid or Glutamine
scFv single-chain variable fragment i g(;lp it
SDS sodium duodecyl sulfate $ 1ten ! yd
SFV Semliki Forest virus Stop cocon
L . # frameshift
SI synctium inducing
SIV simian immunodeficiency virus
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I-A

Identification of HIV-Derived, HLA Class |
Restricted CTL Epitopes: Insights into TCR
Repertoire, CTL Escape and Viral Fitness

Nicole Frahm?, Caitlyn Linde?, Christian
Brander®

I-A-1 The importance of well-defined

T cell epitopes in understanding host
immunity to HIV

A detailed understanding of T cell immunity to HIV in-
fection will be required for the design and development
of an effective HIV vaccine. Over the last few years, it
has become clear that the mere breadth and magnitude
of T cell responses directed against the entire viral pro-
teome are not associated with immune control and that a
more in-depth look at T cell specificity, effector functions
and viral diversity will be needed to define true correlates
of immune protection [Zuniga et al., 2006; [Frahm et al.}
2004; Kiepiela et al.l 2004} [Betts et al.,|2006; |[Masemola
et al.|2004a]. In particular, the relationship between tar-
geting specific regions of the viral genome, T cell escape
and, as a consequence, changes in viral replicative fitness
has become a focus of much debate [Zufiga et al.,[2006;
Masemola et al., [2004a; [Martinez-Picado et al.| 2006; [Bai4
ley et al.,[2006; L1 et al.l 2007} |Liu et al.| 20065 |Yeh et al.|
200065 |Ganusov & De Boer, 2006]. In addition, studies on
both the transmission and reversion of CTL escape vari-
ants, the induction of T cell specificities against effective
viral escape variants as well as work addressing the role of
subdominant T cell responses in the control of HIV have
provided a better understanding of the complex dynam-
ics between host immune response and viral adaptation
to immune pressure [Leslie et al.| 2004} |2005; [Friedrich
et al.l,2004; |Allen et al., [2005b,a; [Frahm et al., [2006a]].
For most of these studies, the identification of precisely
defined HLA class I-restricted CTL epitopes has been key
and will continue to be a central prerequisite, especially in

#Partners AIDS Research Center, Massachusetts General Hospital,
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studies that focus on less well studied human populations
with diverse HLA backgrounds [Kiepiela et al., [2004].

I-A-2 Escape pathways of dominant CTL
epitopes

Despite the increasing appreciation for the role of subdom-
inant CTL responses in viral control, much of the current
knowledge on immune driven viral evolution and CTL es-
cape is based on the study of a few, well defined, dominant
T cell targets [Bailey et al.| [2006; Leslie ef al., 2004} 2005}
Frahm et al.| [2006a; Brander et al., |1998; [Iversen et al.,
2006} [Migueles et al.,[2003; Yu et al.,[2006]. In some of
these cases, for instance the dominant HLA-B27-restricted
epitope KK10 in HIV Gag p24 (KRWIILGLNK), CTL es-
cape from a single epitope can result in elevated viral loads
and accelerated disease progression [|Goulder et al.,|{1997c;
Feeney et al.,[2004]]. However, for other epitopes and al-
leles, the relationship between CTL escape and disease
progression may be more complex. For instance, in the
case of the HLA-B57-restricted KF11 epitope (KAFSPEV -
IPMF), a number of studies have found intact viral epitope
sequences and significant epitope-specific responses even
in individuals with seemingly uncontrolled viral replica-
tion [Migueles et all 2003]. On the other hand, others
have reported “escape” mutations in the KF11 epitope in
individuals with elite control of viral replication [Bailey
et al., 2006]], indicating that additional factors are likely
crucially involved in shaping an effective T cell response
to this virus. Indeed, recent data generated by multi-color
flow cytometric analyses highlight the importance of poly-
functional effector cells in the control of HIV. These poly-
functional T cells may be impaired in some individuals
with progressive disease , although these subjects may have
conserved epitope sequences and strong, epitope-specific T
cell responses as assessed by interferon-y secretion [Betts
et al.l,2000].

A number of reports have now also begun to address
the kinetics of compensatory mutations that are either re-
quired for effective T cell escape or for the maintenance
of viral replicative fitness [[Yeh er al.l 2006} Iversen ef al.l
2006} Kelleher ef al.l 2001} |Peyerl et al., 2004]]. Recent
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analyses by [Iversen et al.|[2006] have addressed viral es-
cape pathways in the context of the dominant HLA-A2
restricted epitope SLYNTVATL in HIV Gag p17, showing
that effective viral escape was only achieved after serial
mutations in three positions within the optimal epitope.
These changes were required for escape from TCR recog-
nition, indicating that simple reduction of epitope bind-
ing affinity to the presenting HLA class I molecule does
not necessarily allow the virus to evade immune control.
Rather, effective escape may occur only when there is a
profoundly diminished interaction between TCR and the
HLA/peptide complex, to which the epitope binding affin-
ity will only partially contribute. This highlights the need
to expand the analyses of HIV-specific immune responses
to include detailed assessments of functional avidity of
these responses as well as to consider the impact that the
T cell receptor repertoire diversity may have on the emer-
gence of CTL escape variants. Thus, a number of studies
have started to shed some light on the factors that define
a broadly cross-reactive and highly avid T cell response,
which may be especially well suited to prevent viral es-
cape. Of note, a number of recent analyses have indicated
that a more narrow T cell receptor repertoire, mediating
T cell responses of high functional avidity, may be partic-
ularly effective in controlling viral replication [[Yu et al.}
2006; [Price et al.||2004; |[Frahm et al.,[2006b}; |Ahlers et al.,
2001; /Alexander-Miller ez al.|[1996al]. Although one might
expect a broader epitope-specific TCR repertoire to pro-
vide more possible candidate TCR to effectively recognize
emerging escape variants, our own data and studies from
other laboratories indicate that an increased breath of the
TCR repertoire may be associated with reduced functional
avidity of the total epitope-specific T cell population [[Yu
et al.|2006; Price et al.l 2004} Frahm et al.| |2006b; Mes4
saoudi ef al.,2002]. This is highlighted in a recent analysis
of the TCR usage in T cells directed against the dominant
HIV Gag KF11 (KAFSPEVIPMF) epitope, which can be
restricted by the two closely related alleles HLA-B*5701
and B*5703. In the context of HLA-B*5701, the KF11
specific response is characterized by a TCR repertoire that
is highly conserved among HLA-B*5701-expressing indi-
viduals and that efficiently cross-reacts with viral epitope
variants [[Yu et al.l 2006]]. In contrast, in the context of
HLA-B*5703, the KF11 epitope induces an entirely dif-
ferent, more heterogeneous TCR repertoire that fails to
recognize the most frequently occurring epitope variants,
indicating that extensive TCR diversity may not effectively
prevent the emergence of epitope escape variants. How the
immune system may control the emergence of highly avid
rather than broad TCR repertoires may at least partly de-
pend on antigen availability and competition of expanding
T cell populations [Kim ez al., 2006} Price et al. |2005].
Studies that address these factors in HIV and other viral
infections will have obviously important implications for
vaccine design, which may need to consider different lev-

Inclusion of epitopes in the optimal list

els of antigen availability during the induction phase of
responses and aim to specifically drive the expansion of
high avidity T cell responses of limited TCR diversity and
(thus) superior ability to recognize epitope variants.

I-A-3 Inclusion of epitopes in the optimal

list

As every year, the present listing is based on the inclusion
of epitopes that fulfill a number of stringent criteria in-
tended to ensure reliable description of the optimal length
epitope and correct assignment of the restricting HLA
class I allele(s) [Hunziker et al.,[1998; Brander & Walker,
1995]]. Nevertheless, there may still be occasions where
the data reported here conflict with data in other laborato-
ries and we to encourage any investigators who observe
discrepancies in their own data and what is reported here
to bring this to our attention. The selection of inclusion cri-
teria itself is obviously subject to potential disagreement,
too. In particular, a number of epitopes have been de-
scribed over the last year where binding motif algorithms
have been used to predict the optimal epitope length, or for
which the restricting HLA class I alleles have been inferred
by statistical associations or binding assays [Kawashima
et al., 20055 [Satoh et al.,|2005]]. Although in some large
cohort analyses, a number of associations have reached
statistically highly significant associations, the optimal
epitope was often inferred based on previously published
motif data [Kiepiela et al.|[2004; Honeyborne et al.,2000].
We have thus opted not include these epitopes even though
a number of them are likely to be accurately described.
However, as binding motif predictions are only as good as
the quality of the described epitopes for a given allele, care
must be taken to not further “confirm” existing binding
motifs by data that were generated based on the original
training set defining the motifs in the first place. Thus, at
least some of the inferred optimal epitope lengths should
ideally be confirmed experimentally to ensure that some-
times only loosely defined allele-specific binding motifs
are indeed correct. Thus, while newly identified epitopes
may violate known HLA binding motifs, these extensively
mapped epitopes may help to refine currently incompletely
defined allele-specific binding motifs. The expansion of
binding motifs to include less frequently used amino acids
will not only facilitate work in the HIV field, but also in
other viral infections, cancer and autoimmunity.
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I-A-4 Table of optimal HIV-1 CTL epitopes

Table I-A.1: Best defined HIV CTL epitopes.

Optimal HIV-1 CTL Epitopes

HLA Protein AA Sequence Reference
A*0101 (A1) gpl160 787-795 RRGWEVLKY |Cao,[2002
A2 RT 127-135 YTAFTIPSV |Draenert, 2004
A*0201 (A2) 2 6 C [Falketall|1991;Barouch et al.||1995
1° anchor L L
M v
2° anchor v
A*0201 (A2) pl7 77-85 SLYNTVATL Johnson et all|1991} Parker et al.,|1992,(1994
A*0201 (A2) p2p7plp6 70-79 FLGKIWPSYK |Yu et all2002b
A*0201 (A2) Protease 76-84 LVGPTPVNI |Karlsson et al., 2003
A*0201 (A2) RT 33-41 ALVEICTEM |Haas et al.l|1998; Haas||1999
A*0201 (A2) RT 179-187 VIYQYMDDL |Harrer et al.,|1996a
A*0201 (A2) RT 309-317 ILKEPVHGV |Walker et al.||1989; Tsomides et al.,|1991
A*0201 (A2) Vpr 59-67 AIIRILQQL |Altfeld et al.,2001alb
A*0201 (A2) gpl160 311-320 RGPGRAFVTI |Alexander-Miller et al.,|1996b
A*0201 (A2) gpl160 813-822 SLLNATDIAV |Dupuis et al.,|1995
A*0201 (A2) Nef 136-145 PLTFGWCYKL |Haas et al.,[1996; Maier & Autran,|1999
A*0201 (A2) Nef 180-189 VLEWRFDSRL |Haas et al.l|1996; Maier & Autran,|1999
A*0202 (A2) 2 C |Barouch et al.,|1995
L L
v
A*0202 (A2) pl7 77-85 SLYNTVATL |Goulder, {1999
A*0205 (A2) pl7 77-85 SLYNTVATL |Goulder,|1999
A*0205 (A2) gpl160 846-854 RIRQGLERA [Sabbaj ef all 2003
A*0205 (A2) Nef 83-91 GAFDLSFFL |Rathod, 2006
A*0207 (A2) p24 164-172 YVDRFYKTL |Currier et al., 2002
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Table I-A.1: Best defined HIV CTL epitopes (cont.).

Table of optimal HIV-1 CTL epitopes

Reference

HLA Protein AA Sequence
A*0301 (A3) 2 C
L K
) Y

M
I F
A R

S

T
A*0301 (A3) pl7 18-26 KIRLRPGGK
A*0301 (A3) pl7 20-28 RLRPGGKKK
A*0301 (A3) pl7 20-29 RLRPGGKKKY
A*0301 (A3) RT 33-43 ALVEICTEMEK
A*0301 (A3) RT 73-82 KLVDFRELNK
A*0301 (A3) RT 93-101 GIPHPAGLK
A*0301 (A3) RT 158-166 AIFQSSMTK
A*0301 (A3) RT 269-277 QIYPGIKVR
A*0301 (A3) RT 356-366 RMRGAHTNDVK
A*0301 (A3) Integrase 179-188 AVFIHNFKRK
A*0301 (A3) Vif 17-26 RIRTWKSLVK
A*0301 (A3) Vif 28-36 HMYISKKAK
A*0301 (A3) Vif 158-168 KTKPPLPSVKK
A*0301 (A3) Rev 57-66 ERILSTYLGR
A*0301 (A3) gpl160 37-46 TVYYGVPVWK
A*0301 (A3) gpl160 770-780 RLRDLLLIVTR
A*0301 (A3) Nef 73-82 QVPLRPMTYK
A*0301 (A3) Nef 84-92 AVDLSHFLK
A*1101 (A11) 2 C
K

v

I

F

Y
A*1101 (A11) pl7 84-92 TLYCVHQRI
A*1101 (A11) p24 217227  ACQGVGGPGHK
A*1101 (A11) RT 158-166 AIFQSSMTK
A*1101 (A11) RT 341-350 IYQEPFKNLK
A*1101 (A11) RT 520-528 QITEQLIKK
A*1101 (A11) Integrase 179-188 AVFIHNFKRK
A*1101 (A11) gpl160 199-207 SVITQACPK
A*1101 (A11) Nef 73-82 QVPLRPMTYK
A*1101 (A11) Nef 75-82 PLRPMTYK
A*1101 (A11) Nef 84-92 AVDLSHFLK
A23 gpl160 585-593 RYLKDQQLL

Marsh et al., 2000

Harrer et al.,|1996b

Goulder et al.,[1997b; |(Culmannl, [1999; Lewinsohn

& Riddell, [1999; |[Wilkes & Ruhl, (1999
Goulder et al., 2000b

Haas et al.,|1998; [Haasl 1999

Yu et al | 2002a

Yu et al.| |2002a

Threlkeld et al., {1997

Yu et al.| 2002a

Yu et al.| |2002a

Yu et al | 2002a

Altfeld et al.,[2001a; 'Yu et al.,|2002a
Yu et al.| 2002a

Yu et al.l |2002a

Addo, [2002; [Yu et al.,[2002a

Johnson et al. 1994

Takahashi ef al., 1991

Koenig et al.,(1990; (Culmann et al., (1991
Yu et al.| |2002a

Zhang et al.l|1993; Rammensee et al., {1995

Harrer et al., 1998
Sipsas et al., {1997
Johnson & Walkerl, |1994; Zhang et al., (1993}
Threlkeld et al.l 1997
Culmann, 1999
Fukada et al. |1999
Fukada et al., 1999
Fukada et al., 1999
Buseynel 1999
Culmann et al.,|1991
Culmann et al.,{1991

Cao et al.,[2003
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Table I-A.1: Best defined HIV CTL epitopes (cont.).

Optimal HIV-1 CTL Epitopes

HLA Protein AA Sequence Reference
A*2402 (A24) 2 C |Maier et al.l 1994
Y I
L
F
A*2402 (A24) pl7 28-36 KYKLKHIVW [Ikeda-Moore et al.l|1998;|Lewinsohn,|1999
A*2402 (A24) p24 162-172 RDYVDRFFKTL |Dorrell et al.l {1999; |Rowland-Jones, 1999
A*2402 (A24) gpl60 52-61 LFCASDAKAY |Lieberman et al.,|1992; Shankar et al.,|1996
A*2402 (A24) gpl160 585-593 RYLKDQQLL [Dai et al.,|{1992
A*2402 (A24) Nef 134-141 RYPLTFGW |Goulder et al.|, |[1997a; [Ikeda-Moore et al.,|1998
A*2501 (A25) p24 13-23 QAISPRTLNAW |Kurane & West, (1999
A*2501 (A25) p24 71-80 ETINEEAAEW |Klenerman et al.,|1996; van Baalen et al.,|1996
A*2501 (A25) gpl160 703-712 EIIFDIRQAY |Liu et al.,2006
A*2601 (A26) 12 6 C |Dumrese et all|1998
v Y
T F
I
L
F
D I
E L
v
A*2601 (A26) p24 35-43 EVIPMFSAL |Goulder et al.,|1996a
A*2601 (A26) RT 449-457 ETKLGKAGY |Sabbaj et al., 2003
A29 Nef 120-128 YFPDWQNYT  |Draenert et al., 2004
A*2902 (A29) pl7 78-86 LYNTVATLY |Masemola et al.,2004b
A*2902 (A29) gpl160 209-217 SFEPIPIHY |Altfeld,[2000
A30 pl7 34-44 LVWASRELERF |Masemola et al., 2004b
A*3002 (A30) 12 C |Rammensee et al.l 1999
Y Y
F
L
v
R
A*3002 (A30) pl7 76-86 RSLYNTVATLY  |Goulder et al., 2001
A*3002 (A30) RT 173-181 KQNPDIVIY |Goulder et al., 2001
A*3002 (A30) RT 263-271 KLNWASQIY |Goulder et al., 2001
A*3002 (A30) RT 356-365 RMRGAHTNDV  |Sabbaj et al.| 2003
A*3002 (A30) Integrase 219227 KIQNFRVYY [Sabbaj et al.,2003; |Rodriguez et al., {2004
A*3002 (A30) gpl160 310-318 HIGPGRAFY |Sabbaj ef al.l 2003
A*3002 (A30) gpl160 704-712 IVNRNRQGY |Goulder et al.,[2001
A*3002 (A30) gpl160 794-802 KYCWNLLQY |Goulder et al., 2001
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Table I-A.1: Best defined HIV CTL epitopes (cont.).

Table of optimal HIV-1 CTL epitopes

HLA Protein AA Sequence Reference
A*3101 (A31) 2 C |Falk et al.||1994; Rammensee et al.,|1999
R

L

v

Y

F
A*3101 (A31) gpl160 770-780 RLRDLLLIVTR |Safrit et all|1994alb
A*3201 (A32) RT 392-401 PIQKETWETW [Harrer et al.l|1996b
A*3201 (A32) gpl160 419-427 RIKQIINMW |Harrer ef al.,|1996b
A33 Nef 133-141 TRYPLTFGW |Caol[2002
A*3303 (A33) gpl160 698-707 VFAVLSIVNR |Hossain et al., {2001
A*3303 (A33) gpl160 831-838 EVAQRAYR Hossain ef al., 2001
A*3303 (A33) Vpu 29-37 EYRKILRQR |Addo et all 2002
A66 RT 438-448 ETFYVDGAANR |Rathod, 2006
A*6801 (A68) Tat 39-49 ITKGLGISYGR |Oxenius et al.l 2002
A*6801 (A68) Vpr 52-62 DTWAGVEAIIR |Sabbaj et all 2004
A*6802 (A68) RT 436445 GAETFYVDGA Rathod & Kiepiela, 2005
A*6802 (A68) Protease 3-11 ITLWQRPLV |Rowland-Jones,|1999
A*6802 (A68) Protease 30-38 DTVLEEWNL |Rowland-Jones| /1999
A*6802 (A68) Vpr 48-57 ETYGDTWTGV |Rathod & Kiepiela, [2005
A*6802 (A68) gpl160 777-785 IVTRIVELL |Wilkes} 1999
A*7401 (A19) Protease 3-11 ITLWQRPLV |Rowland-Jones,|1999
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Table I-A.1: Best defined HIV CTL epitopes (cont.).

Optimal HIV-1 CTL Epitopes

HLA Protein AA Sequence Reference
B7 p24 84-92 HPVHAGPIA |Yu et all2002a
B7 RT 156-164 SPAIFQSSM |Linde & Faircloth, [2006
B7 Rev 41-50 RPAEPVPLQL |Yang, 2006
B*0702 (B7) 123 C |Englehard et al.;,|1993; Rammensee et al.,|1999
P L
AR F
R K
B*0702 (B7) p24 16-24 SPRTLNAWV  [Lewinsohn, {1999
B*0702 (B7) p24 48-56 TPQDLNTML  |[Wilson, [1999; \Wilkes et al., |1999; Jin et al., | 2000;
Wilson et al.,|1997
B*0702 (B7) p24 223-231 GPGHKARVL  (Goulder, 1999
B*0702 (B7) Vpr 34-42 FPRIWLHGL |Altfeld et al.,[2001a
B*0702 (B7) Vif 48-57 HPRVSSEVHI |Altfeld er al.2001a
B*0702 (B7) gpl160 298-307 RPNNNTRKSI |Safrit et al.l|1994b
B*0702 (B7) gpl160 843-851 IPRRIRQGL |Wilkes & Ruhl,|1999
B*0702 (B7) Nef 68-77 FPVTPQVPLR |Haas et al.,|1996; Maier & Autran, 1999
B*0702 (B7) Nef 68-76 FPVTPQVPL |[Bauer et al.,|1997;|Frahm & Goulder, 2002
B*0702 (B7) Nef 71-79 TPQVPLRPM  |Goulder, 1999
B*0702 (B7) Nef 77-85 RPMTYKAAL Bauer et al.l|1997
B*0702 (B7) Nef 106-115 RQDILDLWIY |Goulder,|1999
B*0702 (B7) Nef 128-137 TPGPGVRYPL |[Culmann-Penciolelli et al.,|1994; Haas et al.,|1996
B8 gpl160 848-856 RQGLERALL [Caol[2002
B*0801 (BS) 23 5 C |Hill et al.l1992; |Sutton et al., {1993} DiBrino
et al.||1994b
KK L
R
PR
L
B*0801 (BS) pl7 24-32 GGKKKYKLK  [Reid et al.,|1996; \Goulder et al.,|1997d
B*0801 (B8) pl7 74-82 ELRSLYNTV |Goulder et al.,|1997d
B*0801 (B8) p24 128-135 EIYKRWII |Sutton et al.,|1993; Goulder et al.l|1997d
B*0801 (B8) p24 197-205 DCKTILKAL [Sutton ef al.,|{1993
B*0801 (BS8) RT 18-26 GPKVKQWPL  |Walker et al.,|1989; |Sutton ef al., {1993
B*0801 (BS8) gpl160 2-10 RVKEKYQHL [Sipsas et al.||1997
B*0801 (BS) gpl160 586-593 YLKDQQLL Johnson et al.,|1992;|Shankar et al., 1996
B*0801 (B8) Nef 13-20 WPTVRERM |Goulder et al.,|{1997d
B*0801 (BS8) Nef 90-97 FLKEKGGL |Culmann-Penciolelli et al.,|1994; |Price et al.,
1997
B13 p24 3-11 VQNLQGQMV  |Honeyborne et al., 2007
B13 p24 94-104 GQMREPRGSDI  |Honeyborne et al., {2007
B13 p2p7plp6 6674 RQANFLGKI |Honeyborne et al., 2007
B13 Protease 57-66 RQYDQILIEI |Honeyborne et al.,{2007
B13 RT 333-341 GQGQWTYQI [Honeyborne et al., 2007
B13 Nef 106-114 RQDILDLWI |Harrer et al.,[2005
B13 Nef 106-114 RQDILDLWV |Honeyborne et al., 2007
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Table I-A.1: Best defined HIV CTL epitopes (cont.).

HLA Protein AA Sequence Reference
B14 p2p7plp6 42-50 CRAPRKKGC  |Yu et al.||2002b
B*1401 (B14) RT 142-149 IRYQYNVL |Rathod, 2006
B*1402 (B14) 23 5 C |DiBrino et al.,|1994a
R R L
K H
L
Y
F
B*1402 (B14) p24 166-174 DRFYKTLRA [Harrer et al.,|1996b
B*1402 (B14) gpl160 584-592 ERYLKDQQL |Johnson et al.l 1992
B*1501 (B62) 2 C
Q Y |Barber et al.| (1997
L F [Barber et al.l|1997
M Barber et al.l [1997
B*1501 (B62) p24 137-145 GLNKIVRMY Johnson et al.l|{1991;|Goulder, (1999
B*1501 (B62) RT 260-271 LVGKLNWASQIY [ohnson,|1999
B*1501 (B62) RT 309-318 ILKEPVHGVY Johnson et al.,|{1991; Johnson, 1999
B*1501 (B62) Nef 117-127 TQGYFPDWQNY  |(Culmann, 1999
B*1503 (B72) p24 24-32 VKVIEEKAF [Honeyborne & Kiepiela, [2005
B*1503 (B72) p24 164-172 YVDRFFKTL |Masemola et al.,2004b
B*1503 (B72) Protease 68-76 GKKAIGTVL [Rathod & Bishopl 2006
B*1503 (B72) RT 496-505 VTDSQYALGI |Sabbaj et al. 2003
B*1503 (B72) Integrase 135-143 IQQEFGIPY [Honeyborne & Kiepiela,[2005
B*1503 (B72) Integrase 185-194 FKRKGGIGGY |Honeyborne, 2003
B*1503 (B72) Integrase 263-271 RKAKIIRDY [Cao et all 2003
B*1503 (B72) Tat 3847 FQTKGLGISY |Novitsky ef al., 2001
B*1503 (B72) Nef 183-191 WRFDSRLAF  [Cao, 2002
B*1510 (B71) p24 12-20 HQAISPRTL [Day, 2005
B*1510 (B71) p24 61-69 GHQAAMQML  Day, 2003
B*1510 (B71) Integrase 66-74 THLEGKIIL [Kiepiela et al.|[2007
B*1510 (B71) Vif 79-87 WHLGHVSI |Honeyborne, [2003
B*1516 (B63) 2 9 [Barber er al.,|1997;|Seeger et al., {1998
T Y
S I
)
F
B*1516 (B63) gpl160 375-383 SFNCGGEFF Wilson et al.,{1997; Wilson, 1999
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Table of optimal HIV-1 CTL epitopes

Table I-A.1: Best defined HIV CTL epitopes (cont.).

Optimal HIV-1 CTL Epitopes

HLA Protein AA Sequence Reference
BI18 RT 137-146 NETPGIRYQY |Rathod & Bishopl 2006
BI18 RT 175-183 NPEIVIYQY |Rathod,[2006
B18 Nef 105-115 RRQDILDLWVY |Yang, 2006
B*1801 (B18) p24 161-170 FRDYVDRFYK |Ogg et al.,[1998
B*1801 (B18) Vif 102-111 LADQLIHLHY |Altfeld ef al.,[2001a
B*1801 (B18) gpl160 31-39 AENLWVTVY [Liu et al.l 2006
B*1801 (B18) gpl160 61-69 YETEVHNVW [Liu et al.l 2006
B*1801 (B18) Nef 135-143 YPLTFGWCY [Culmann et al.l|1991;|Culmann-Penciolelli et al.,
1994
B27 Vpr 31-39 VRHFPRIWL |Addo & Rathod, 2004
B*2703 (B27) p24 131-140 RRWIQLGLQK |Rowland-Jones et al.,|1998; Rowland-Jones, 1999
B*2705 (B27) 12 C Jardetzky et all|1991; Rammensee et al.,|1995
R L
F
K K
R R
G I
A
B*2705 (B27) pl7 19-27 IRLRPGGKK |McKinney ef al.,(1999; [Lewinsohn, 1999
B*2705 (B27) p24 131-140 KRWIILGLNK |Nixon et al.,|1988; Buseyne et all|1993; Goulder
et al.,|1997¢c
B*2705 (B27) gpl160 786-795 GRRGWEALKY |Lieberman et al.,|1992;|Lieberman, /1999
B*2705 (B27) Nef 105-114 RRQDILDLWI |Goulder et al.,|1997b
B*3501 (B35) 2 C [Hill et al.,|1992; |Rammensee et al.| 1999
P Y
A F
v M
S L
I
B*3501 (B35) pl7 36-44 WASRELERF |Goulder et al.,|1997a
B*3501 (B35) pl7 124-132 NSSKVSQNY |Rowland-Jones et al., 1995
B*3501 (B35) p24 122-130 PPIPVGDIY |Rowland-Jones ef al.,|{1995
B*3501 (B35) p24 122-130 NPVPVGNIY |Rowland-Jones et al., {1995
B*3501 (B35) RT 107-115 TVLDVGDAY |Wilkes & Ruhl, [1999; |Wilson et al., 1999
B*3501 (B35) RT 118-127 VPLDEDFRKY  Sipsas et al.,[1997;|Shiga et al., 1996
B*3501 (B35) RT 175-183 NPDIVIYQY |Sipsas et al.,|1997;|Shiga et al., 1996
B*3501 (B35) RT 175-183 HPDIVIYQY |Rowland-Jones et al.| /1995
B*3501 (B35) gpl160 42-52 VPVWKEATTTL |Wilkes & Ruhl, 1999
B*3501 (B35) gpl160 78-86 DPNPQEVVL Shiga et al.,|1996
B*3501 (B35) gpl160 606-614 TAVPWNASW Johnson et al., {1994
B*3501 (B35) Nef 74-81 VPLRPMTY  |Culmann et al., 1991 |(Culmann-Penciolelli et al.,

1994
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Optimal HIV-1 CTL Epitopes

Table I-A.1: Best defined HIV CTL epitopes (cont.).

Table of optimal HIV-1 CTL epitopes

HLA Protein AA Sequence Reference
B*3701 (B37) 2 C |Falk et al||1993
D F
E M
L
I
B*3701 (B37) Nef 120-128 YFPDWQNYT [Culmann et al.,{1991;|Culmann, 1999
B*3801 (B38) Vif 79-87 WHLGQGVSI [Sabbaj et al.,[2004
B*3801 (B38) gpl160 104-112 MHEDIISLW |Cao} 2002
B*3901 (B39) 2 C |Falk et al.,|1995a
R L
H
B*3901 (B39) p24 61-69 GHQAAMQML  [Kurane & West, 1999
B*3910 (B39) p24 48-56 TPQDLNTML Honeyborne & Kiepiela, [2005
B*4001 (B60) 2 C |Falk et al.||1995b
E L
B*4001 (B60) pl7 92-101 IEIKDTKEAL |Altfeld et al.||2000
B*4001 (B60) p24 44-52 SEGATPQDL |Altfeld ez al.,|2000
B*4001 (B60) pP2p7plp6 118-126 KELYPLTSL |Yu et al.|[2002b
B*4001 (B60) RT 5-12 IETVPVKL |Draenert, 2004
B*4001 (B60) RT 202-210 IEELRQHLL |Altfeld et al.l {2000
B*4001 (B60) gpl160 805-814 QELKNSAVSL |Altfeld et al., 2000
B*4001 (B60) Nef 37-45 LEKHGAITS |Draenert, 2004
B*4001 (B60) Nef 92-100 KEKGGLEGL |Altfeld ez al.,|2000
B*4002 (B61) pl7 11-19 GELDRWEKI [Sabbaj et al.l 2003
B*4002 (B61) p24 70-78 KETINEEAA [Sabbaj et all 2003
B*4002 (B61) p24 78-86 AEWDRVHPV  |Sabbaj et al., 2003
B*4002 (B61) p2p7plp6 64-71 TERQANFL [Sabbaj et al., 2003
B*4002 (B61) Nef 92-100 KEKGGLEGL [Sabbaj er al.l 2003} |Altfeld et al.l 2000
B42 Integrase 28-36 LPPIVAKEI [Kiepiela et al.|[2007
B42 Integrase 260-268 VPRRKAKII [Kiepiela & Goulder, {2002
B*4201 (B42) p24 48-56 TPQDLNTML  |Goulder et al.,|2000a)
B*4201 (B42) RT 271-279 YPGIKVRQL |Wilkes & Ruhl, {1999
B*4201 (B42) Nef 71-79 RPQVPLRPM  Honeyborne, [2006
B*4201 (B42) Nef 128-137 TPGPGVRYPL |Goulder, 1999
B44 Protease 34-42 EEMNLPGRW |Rodriguez et al., {2004
B44 gpl160 31-39 AENLWVTVY  Borrow et al.,{1997b
B*4402 (B44) 2 C |Rammensee et al., {1999
E F
Y
B*4402 (B44) p24 162-172 RDYVDRFYKTL (Ogg et al.,|{1998
B*4402 (B44) p24 174-184  AEQASQDVKNW |Lewinsohn, 1999
B*4402 (B44) gpl160 31-40 AENLWVTVYY  Borrow et al.l|1997a
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Table of optimal HIV-1 CTL epitopes

Table I-A.1: Best defined HIV CTL epitopes (cont.).

Optimal HIV-1 CTL Epitopes

HLA Protein AA Sequence Reference
B*4403 (B44) pl7 78-86 LYNTVATLY |Masemola et al.,[2004b
B*4415 (B12) p24 28-36 EEKAFSPEV Bird et al., 2002
B*4501 (B45) p2p7plp6 1-10 AEAMSQVTNS [Sabbaj et al.,[2004
B50 Nef 37-45 LEKHGAITS |Draenertl, 2004
B51 Vif 57-66 IPLGDAKLII |Bansal et al.,[2004
B51 Vpr 29-37 EAVRHFPRI |Cao et al., 2003
B*5101 (B51) 2 C |Falk et al., (19954
A F
P I
G
B*5101 (B51) RT 42-50 EKEGKISKI |Haas et al.,|1998; Haas, 1999
B*5101 (B51) RT 128-135 TAFTIPSI [Sipsas et all|1997
B*5101 (B51) gpl160 416-424 LPCRIKQII |Tomiyama et all /1999
B*5201 (B52) 2 C |Rammensee et al.l 1999
I
v
Q
B*5201 (B52) p24 143-150 RMYSPTSI |Wilkes & Ruhl, |1999; Wilson et al.,|1997
B53 Nef 135-143 YPLTFGWCF  [Kiepiela & Goulder, {2002
B*5301 (B53) 2 C
P L [Hill et al.,[1992
B*5301 (B53) p24 48-56 TPYDINQML |Gotch et al.||1993
B*5301 (B53) p24 176-184 QASQEVKNW  Buseyne et al.,[19961997; Buseynel 1999
B*5301 (B53) Tat 2-11 EPVDPRLEPW |Addo e al.,[2001
B*5301 (B53) Nef 135-143 YPLTFGWCY |Sabbaj et al.,[2003
B*5501 (B55) 2 C |Barber et al.,|1995
P
A
B*5501 (B55) gpl160 42-51 VPVWKEATTT |Shankar et al.,|1996; Liebermanl 1999
B57 p24 32-40 FSPEVIPMF [Frahm et al., 2005
B57 Protease 70-77 KAIGTVLV |Frahm et al., 2005
B57 Integrase 123-132 STTVKAACWW |Rodriguez et al.,[2004; Addo & Rathod, [2004
B57 Nef 116-124 HTQGYFPDW |Draenert, 2002
B57 Nef 127-135 YTPGPGIRY |Frahm et al.,[2005
B57 Nef 137-145 LTFGWCFKL |Frahm et al.,[2005
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Optimal HIV-1 CTL Epitopes Table of optimal HIV-1 CTL epitopes

Table I-A.1: Best defined HIV CTL epitopes (cont.).

HLA Protein AA Sequence Reference
B*5701 (B57) 12 C |Barber ef al.,|1997
A F
T W
S
K Y
B*5701 (B57) p24 15-23 ISPRTLNAW |Johnson et al., 1991} \Goulder et al.l |1996b
B*5701 (B57) p24 30-40 KAFSPEVIPMF |Goulder et al.,|1996b
B*5701 (B57) p24 108-118 TSTLQEQIGWF |Goulder ef al.,|1996b
B*5701 (B57) p24 176-184 QASQEVKNW  |Goulder et al.,|1996b
B*5701 (B57) RT 244-252 IVLPEKDSW |van der Burg et al.,|1997; |Hay, 1999
B*5701 (B57) Integrase 173-181 KTAVQMAVF  |Goulder et al.|[1996b; [Hay, (1999
B*5701 (B57) Vpr 30-38 AVRHFPRIW |Altfeld et al.,[2001a
B*5701 (B57) Vif 31-39 ISKKAKGWF |Altfeld et al.,|2001a
B*5701 (B57) Rev 14-23 KAVRLIKFLY |Addo et al.,|2001
B*5701 (B57) Nef 116-125 HTQGYFPDWQ |Culmann et al.|1991
B*5701 (B57) Nef 120-128 YFPDWQNYT  |Culmann et al.||1991
B*5703 (B57) p24 30-37 KAFSPEVI Goulder ef al.,2000b
B*5703 (B57) p24 3040 KAFSPEVIPMF |Goulder et al.,2000b
B58 pl7 76-86 RSLYNTVATLY  |[Frahm et al., 2005
B58 Tat 2-11 EPVDPRLEPW |Frahm & Brander, [2005
B58 gpl160 59-69 KAYETEVHNVW |Rathod & Bishopl 2006
B*5801 (B58) 12 C |Barber et al.,|1997; |Falk et al.,[1995b
A F
T W
S
K
v
I
B*5801 (B58) p24 108-117 TSTVEEQQIW [Bertoletti et al.||1998
B*5801 (B58) p24 108-117 TSTLQEQIGW |Goulder et al.,|1996b
B*5801 (B58) RT 375-383 IAMESIVIW [Kiepiela & Goulder, {2002
B*5801 (B58) Rev 14-23 KAVRLIKFLY |Addo et al.,|2001
B62 Nef 19-27 RMRRAEPAA  |Cao\[2002
B63 pl7 76-86 RSLYNTVATLY  |[Frahm e al., 2005
B63 p24 15-23 ISPRTLNAW |Frahm et al., 2005
B63 p24 30-40 KAFSPEVIPMF |Frahm et al.,[2005
B63 Rev 14-23 KAVRLIKFLY |Frahm et al.,[2005
B63 Nef 127-135 YTPGPGIRY |Frahm ef al. 2005
B63 Nef 137-145 LTFGWCFKL |Frahm et al.| 2005
B81 Protease 80-90 TPVNIIGRNML |Honeyborne et al.,[2006
B81 RT-Integrase  560-8 LFLDGIDKA |Addo, 2002
B*8101 (B81) p24 48-56 TPQDLNTML  |Goulder et al., 20004l
B*8101 (B81) Vpr 34-42 FPRIWLHGL |Altfeld et al.,|2001a
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Table of optimal HIV-1 CTL epitopes

Table I-A.1: Best defined HIV CTL epitopes (cont.).

Optimal HIV-1 CTL Epitopes

HLA Protein AA Sequence Reference
Cw*0102 (Cwl) 23 C |Barber et al., {1997
A L
L
P
Cw*0102 (Cwl) p24 3643 VIPMFSAL |Goulder et al.l|1997a
Cw*0102 (Cwl) Gag-Pol TF  24-31 NSPTRREL |Liu et al., 2006
Cw3 Nef 83-91 AALDLSHFL |Draenert, 2004
Cw*0303 (Cw9) p24 164-172 YVDRFFKTL |Honeyborne, 2003
Cw*0304 (Cw10) p24 164-172 YVDRFFKTL |Honeyborne, 2003
Cw*0304 (Cw10) gpl60 557-565 RAIEAQQHL |Currier et al.,[2002; [Trocha, 2002
Cw*0401 (Cw4) 2 6 C |Falkerall|1994
Y L
P F
F M
v
I
L
Cw*0401 (Cw4) gpl160 375-383 SFNCGGEFF  Wilson et al.,|1997; Johnson et al.,|1993
Cw5 p24 174-185 AEQASQEVKNWM |Draenertl 2004
Cw*0501 Rev 67-75 SAEPVPLQL |Addo et al.l 2001
Cwo6 Nef 120-128 YFPDWQNYT |Frahm & Brander, [2005
Cw7 Nef 105-115 KRQEILDLWVY |Kiepiela & Goulder, 2002
Cw7 Nef 105-115 RRQDILDLWIY |Yu et al.,[2002a
Cw8 gpl60 557-565 RAIEAQQHM [Bishop & Honeyborne, 2006
Cw8 Nef 82-91 KAAVDLSHFL |Harrer et al.,|1996¢
Cw*0802 (Cw8) p24 48-56 TPQDLNTML  |Goulder et al., [2000a; |[Honeyborne & Kiepielal
2005
Cw*0802 (Cw8) RT 495-503 IVTDSQYAL |Rathod & Honeyborne, 2006
Cw*0802 (Cw8) Nef 83-91 AAVDLSHFL |Cao et al.,[2003
Cw*0802 (Cw8) Nef 83-91 GAFDLSFFL |Rathod & Honeyborne, [2006
Cw*0804 (Cw8) pl7 3341 HLVWASREL Masemola et al.l 2004b
Cwl2 Tat 30-37 CCFHCQVC [Cao et al.,|2003; Nixon et al.,|1999
Cwl4 pl7 78-85 LYNTVATL |Horton & Havenar-Daughton| 2005
Cwl5 gpl60 557-565 RAIEAQQHL [Trochal 2002
Cwl8 p24 142-150 VRMYSPVSI |Honeybornel 2006
Cwl8 p24 161-169 FRDYVDRFF |Honeyborne & Kiepiela, 2005
Cwl8 Integrase 165-172 VRDQAEHL |Rathod & Honeyborne, 2006
Cwl8 gpl160 511-519 YRLGVGALI |Honeybornel 2006
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Optimal HIV-1 CTL Epitopes Mabp of optimal HIV-1 CTL epitopes

I-A-5 Map of optimal HIV-1 CTL epitopes

The location and HLA restriction elements of CTL epitopes are indicated on protein sequences of HXB2. These maps
are meant to provide the relative location of defined epitopes on a given protein, but the HXB2 sequence may not
actually carry the epitope of interest, as it may vary relative to the sequence for which the epitope was defined.

p17 Optimal CTL Epitope Map

B*0801 A*1101
A¥0301 A*0205
A*0301 A¥0202
B*2705 A*0201
[ e — B EE———
A*0301 B*3501 A*3002
B*4002 A*2402 B*0801 B*4001
MGARASVLS?GELDRWEKIﬁLRPGGKKKY%LKHIVWASRFLERFAVNPG%LETSEGCRO¥LGQLOPSLOTGSEELRSLYNTVATLYCVHQRIEIKDTKE%
10 20 30 40 50 60 70 80 9‘0 100
B#4001 B*3501
LDKIEEEON%SKKKAQOAA%DTGHSNOVS?NY
110 120 130

p24 Optimal CTL Epitope Map

Cw*0802
B#*8101

B*5301
B*5703
B*5701
B*5703 B*4201
B*0702 B*4001 A*2501
B*5701 Cw*0102 B*3901 B7
A*2501 A*2601 B*1510 B*4002
B13 B*4415 B*0702 B*4002 BI3
PIVQNIOGOI“’IVHOAISPRTerAWVKVVEEI‘(AFSPEVIPMl‘:SALSEGATP(‘)DLNTMLNTV?GHOAAMQMLI‘(ETINEEAAEWDRVHPVHAGF"IAPGOMREPF‘{
10 20 30 40 50 60 70 80 9 100
B*5701
B*5301
Cw5
B*4402
B*1402
B#*5201 Cw*0304
B*1501 Cw*0303
B*2705 A*0207
> I
B*5701 B#*2703 B*4402
B*5801 B*0801 A*2402
B13 B*3501 Cw*18 B*1801 B*0801
GSDIAGTTSTLQEOIGWMTNNPPIPVGEIYKRWIILGLNI‘(IVRMYSPTS:FLDIRQGPKEITFRDYVDRFYI‘(TLRAEOASQIFVKNWMTETLerQNANPDCKT
110 120 130 140 150 160 170 180 190 200
B*0702
B*080 A*1101
ILKALGF’AATLEEMMTACQ?VGGPGHKARYL
210 220 230
p2p7p1p6 Optimal CTL Epitope Map
A*0201
B13
B#*4501 B14 B*4002
AEAMSQ\ITN?ATIMMQRGNl‘:RNORKIVKCl‘:NCGKEGHTAI‘?NCRAPRKKGﬁ:WKCGKEGHOI‘"IKDCTERQANI‘:LGKIWPSYK?RPGNFLQSRI"EPTAPPEESI‘:
10 20 30 40 50 60 70 80 90 100
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Map of optimal HIV-1 CTL epitopes Optimal HIV-1 CTL Epitopes

B*4001

RSGVETTTPEQKOEPIDKE%YPLTSLRSLTGNDPSSQ
110 120 130

Gag/Pol TF Optimal CTL Epitope Map
Cw*0102

FFREDLAFLOGKAREFSSEQTRANSPTRRELQVWGRDNN%PSEAGADRO?TVSFNF
10 20 40 50

Protease Optimal CTL Epitope Map

B3I

S
A*7401 B44 B*1503
A*6802 A*6802 BI3 A*0201
PQVTLWQRP%VTIKIGGQLKEALLDTGAD?TVLEEMSLP?RWKPKMIGG¥GGFIKVROY?OILIEICGH%AIGTVLVGPTPVNIIGRNLHTQIGCTLNF
10 20 50 60 70 80 90
RT Optimal CTL Epitope Map
A*0301
B*0801 B*5101
B*4001 A*0201 A*0301 A*0301
PISPIETVPYKLKPGMDGP%VKOWPLTEE%IKALVEICTFMEKEGKISK{GPENPYNTPYFAIKKKDSTﬁWRKLVDFRE%NKRTODFWEYOLGIPHPAGH
10 20 30 40 50 60 70 90 100
B*1401 A*0201
B*5101 A*1101 BI8
B*3501 A2 A*0301 B*3501
A*@O] B*3501 B18 B7 A*3002
KKKKSVTVL?VGDAYFSVP%DEDFRKYTATTIPSINNETEGIRYQYNVLEOGWKGSPAIEQSSMTKILEEFRKQNPDIV*YQYMDDLYV?SDLEIGOHRT
110 120 130 140 150 160 170 180 190 200
B*4201
A*0301
B*1501
B*4001 B*5701 A*3002
KIEELRQHL%RWGLTTPDKKHOKEPPFLWmGYELHPDKWTVOPIVLPEK?SWTVNDIOK%VGKLNWASQ}YPGIKVROL$KLLRGTKALTEVIPLTEEAF
210 220 230 240 250 260 270 290 300
A*0301
B*1501 A*1101
A*0201 BI13 A*3002 B*5801 A*3201
LELAENREI%KEPVHGVYY?PSKDLIAEIQKQGQGOWTYQIYQEPFKNLﬁTGKYARMRGﬁHTNDVKQLTFAVQKITTES}VIWGKTPKF%LPIQKETWET
310 320 3;0 34‘;0 350 360 370 380 390 400
A*2601 §*1503
A*iZOl A66 s 'w*0802
WWTEYWQATWIPEWEFVNTEPLVKLWYQL?KEPIVGAETEYVDGAANRETKLGKAGYVTNRGROKVVTLTDTTNQKTEL?AIYLALQDS?LEVNIVTDS?
410 420 430 440 450 460 470 480 490 500
B*1503
Cw*0802 A*1101 Bﬁl
YALGIIQAQEDQSESELVN?IIEQLIKKE%VYLAWVPAH%GIGGNEQVD%LVSAGIRKV%
510 520 530 540 550 560
Integrase Optimal CTL Epitope Map
B8I B42 B*1510
FLDGIDKAQ?EHEKYHSNWRAMASDFNLP?VVAKEIVAS?DKCOLKGEAMHGQVDCSPG{WQLDCTHLE?KVILVAVHVASGYIEAEVIPAETGOETAYE
10 20 30 40 70 80 90 100
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A*1101
A*0301
B*5701
B57 Cw*18 B*1503
LLKLAGRWPYKTIHTDNGSNFTGATVRAA?WWAGIKQEF?IPYNPOSQGYVESMNKELK%IIGQVRDOAFHLKTAVQMAYFIHNFKRKG?IGGYSAGER$
110 120 130 140 150 160 170 180 90 200
B*1503
A*3002 B42
VDIIATDIOTKELQKOITK¥QNFRVYYRD§RNPLWKGPAﬁLLWKGEGAVYIODNSDIKVYPRRKAKIIR?YGKOMAGDD$VASRQDED
210 220 230 240 250 260 270 280
Vif Optimal CTL Epitope Map
B*5701
A*0301 B51 B*3801
A*0301 B*0702 B*1510
MENRWOVMIYWOVDRMRIRTWKSLVKHHMTVSGKARGWFTRHHYESPHPﬁISSEVHIPL?DARLVITTYWGLHTGERwaLGQGVSIEW%KKRYSTQVDE
10 20 30 40 50 60 70 80 90 100
B*1801 A*0301
ELADQLIHLYYFDCFSDSA¥RKALLGHIV?PRCEYOAGHNKVGSLQYLA%AALITPKKI%PPLPSVTKLTEDRWNKPQKTKGHRGSHTMNGH
110 120 130 140 150 160 170 180 190
Vpr Optimal CTL Epitope Map
B*8101
B*0702
B27
B*5701 A*0201
B51 A*6801
MEOAPEDQGEQREPHNEWT%ELLEELKNEﬁVRHFPRIWLﬂGLGQHIYETTGDTWAGVEA¥IRILQOLLF}HFRIGCRHSﬁIGVTRQRRAﬁNGASRS
10 20 30 40 50 60 70 80 90
Tat Optimal CTL Epitope Map
A*6801
B*1503
B*5301 Cw*12
MEPVDPRLE?WKHPGSOPKTACTNCYCKK?CFHCOVCFITKALGISYGR%KRRORRRAHQNSOTHOASL%KOPTSQPRG?PTGPKEXKK%VERETETDPE
10 20 30 40 50 (,‘() 70 80 9 100
ll(?)l
Rev Optimal CTL Epitope Map
Cw*0501
B*5801 B7
B*5701 A*0301
MAGRSGDSDFELIRTVRLI%LLYQSNPPPwPEGTROARRNRRRRWREROﬁQIHSISERI%GTYLGRSAE?VPLOLPPLEﬁLTLDCNEDC?TSGTOGVGSE
10 20 30 40 50 60 70 80 90 100

QILVESPTV%ESGTKE
110

Vpu Optimal CTL Epitope Map
A*3303

TQPIPIVAIYALVVAIIIA}VVWSIVIIETRKILRQRKI?RLIDRLIERﬁEDSGNESEG ISALVEMGVFMGHHAPWDV?DL
10 20 30 40 50 0 70 80
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gp160 Optimal CTL Epitope Map

B*3501

B*5501
A*0301
B*4402 B*1801
~ B < BB
B*0801 B*1801 A*2402 B*3501
MRVKEKYQleWRWGWRWGTI“’ILLGMLMI CSﬁTEKLWVTVY‘(GVPVWKEATTTL FCASDAK"QYDTEVHNVW,‘QTHACVPTDPN F’QEVVLVNVTEN FNMWKNDI‘"I

10 20 30 40 50 60 70 80 90 100
B*3801 Aw)l
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110 120 130 140 150 160 ];() 180 190 200

A*2902

A*1101 B*0702

ITQACPKVSI‘:EPIPIHYCAITAG FAI LKCNNKTFNGTGPCTNVSTVOCTH§IRPVVSTQLlrLNGSLAEEEYVIRSVNFTDNAKTI IVOLNTSVEINCTRPN
210 220 230 240 250 260 270 280 290 300

A*0201
A*3002 Cw*0401
B*0702 B*1516

NNTRKRIRIORGPGRAFVT{GKIGNMRQAHCNISRAKWNNTLKQIASKLREQFGNNKTI{FKQSSGGDPFIVTHSFNCG?EFFYCNSTOlrFNSTWFNST\I‘\I

31‘() 320 330 340 350 360 390 400
A*3201
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410 420 430 450 460 470 480 490 500
B*0801
Cw8 A23
Cw*15 A*2402
Cw*18 Cw*0304 B*1402
AKRRVVOREKRAVG IGALFer FLGAAGSTMGAASMTLTV?ARO LLSG IV(‘)QQNN LLRAI IFAOQH LLQLTYWGI KOLQAR$ LAVERYLKDQQLLGIWGCS(]‘J
5 10 520 530 540 550 560 570 590 600
B*3501 A*3303
I -
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Mabp of optimal HIV-1 CTL epitopes
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I-B

Beyond Mamu-A*01 + Indian Rhesus Macaques:
Continued Discovery of New MHC Class I
Molecules that Bind Epitopes from the Simian AIDS

Viruses

John T. Loffredo?, Laura E. Valentine?, David 1.
Watkins?®°

I-B-1 Introduction

Developing an effective vaccine against HIV is a global
public health priority. Nonhuman primate research will
play a critical role in such development as simian immu-
nodeficiency virus (SIV) infection of nonhuman primates
is the best animal model available for AIDS, and nonhu-
man primates are used for testing of vaccination strategies.
In the past decade, substantial progress has been made in
defining and characterizing T cell responses for this animal
model.

Accumulating evidence suggests that cellular immune
responses play a major role in controlling HIV and SIV
replication, directing recent efforts to vaccine regimens
that elicit CD8+ T lymphocyte responses [McMichael &
Rowland-Jones| 2001]]. A variety of studies have shown
associations between certain MHC class I alleles in both
slow and rapid HIV/SIV disease progression [[Carrington
& O’Brien, |2003; Bontrop & Watkins, 2005]. Of particular
interest are “elite controllers” (ECs), rare individuals who
spontaneously control HIV/SIV viremia to very low levels
(<50 vRNA copies/ml of plasma for HIV-infected humans
[Pereyra et al.,[2007]], <1,000 vRNA copies/ml of plasma
for SIV-infected macaques [Yant ez al.| 2006} |[Loffredo
et al.,2007bf]). Understanding this natural control may aid
in the development of an effective HIV vaccine.

There are, unfortunately, many difficulties inherent to
studying HIV-infected humans. Viral control appears to be
mediated during resolution of acute phase viremia, with the
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appearance of CD8+ T cell responses in both HI V-infected
humans and SIV-infected macaques [Borrow et al.,|1994;
Koup ef al.,[1994; Reimann et al.,|[1994;|Yasutomi et al.|
1993} [Kuroda ef al.| |1999]]. HIV is rarely diagnosed during
acute infection however [Weintrob ez al.| 2003 Kuo et al.|
2005; Mayben et al.l 2007]], making the study of immune
responses involved in initial control of HIV replication
extremely difficult. This is further complicated by the
diversity of HIV isolates with which individuals might be
infected.

AIDS research with nonhuman primates provides an
animal model to complement human studies. Nonhuman
primates can provide examples of successful immune con-
tainment of pathogenic immunodeficiency virus replica-
tion, and researchers have direct control over key variables
such as virus strain, host genotype, and route of infection.
Perhaps most importantly, the immunology and pathogen-
esis of acute infection can easily be studied in macaques.
Overall, studying immune responses to SIV in macaques
is simpler than studying immune responses to HIV in hu-
mans. All macaques can be infected with a known, often
clonal, viral stock. Infection with a defined viral stock
enables complete and accurate immunological tracking
of early immune responses by the use of corresponding
peptides in ex vivo immunological assays. Moreover, the
timing of immune responses after infection, the associated
viral sequence evolution, and plasma virus concentrations
may be closely monitored.

Most published studies of CD8+ T cell responses in
Indian rhesus macaques have used animals which express
the common MHC class I allele Mamu-A*01. This allele
was found to be associated with lower set-point viremia in
vaccinated and non-vaccinated macaques in several studies
[Mao et al.| 2005} Miihl et al., 2002} [Pal et al.l 2002}
Zhang et al.l2002]. Such animals have been used largely
because their CD8+ T cell responses were the first to be
exhaustively identified, and Mamu-A*01 can be readily
identified using sequence-specific PCR primers [Knapp
et al.,{1997]]. The Mamu-A*01 peptide binding motif has
been defined, and a comprehensive scan of the STVmac239

29




SIV Epitopes

proteome yielded fourteen epitopes restricted by this MHC
class I molecule [[Allen ef al.| 1998, 2001]]. Tetramers are
available for several of these epitopes, facilitating detailed
vaccine and pathogenesis studies [Kuroda et al., [1998;
Allen et al., 2001; Mothé et al.||2002a; Egan et al.,|1999;
Allen et al.,2000].

As described in the previous compendium update and
elsewhere, this focus on Mamu-A*01+ macaques has cre-
ated a bottleneck in AIDS vaccine research due to a short-
age of animals expressing this allele [O’Connor et al.|
2002b; |Cohenl 2000]. Compared to the human system,
only a small fraction of macaque MHC class I alleles have
been characterized at this time [Bontrop & Watkins},[2005].
Since the publication of the last SIV compendium review
in 2001 [O’Connor et al.l, |2002bf|, significant advances
have been made in understanding nonhuman primate im-
munogenetics. Two MHC class I alleles, Mamu-B*17
and Mamu-B*08, were found to be enriched in EC co-
horts and associated with reduced SIV replication in the
chronic phase of infection [Yant et al., |2006; |[Loffredo
et al.||2007b]. The binding motifs of four additional Indian
rhesus macaque MHC class I alleles have been defined,
and the STVmac239 epitopes presented by these alleles
identified [Mothé et al.l 2002b; [Loffredo et al.l 2004} |Sette
et al., 2005} |[Loffredo et al., 2005]. Knowledge of the
minimal-optimal epitopes restricted by these alleles should
allow the use of many more Indian rhesus macaques in
studies of CD8+ T cell dynamics following SIV infection,
as well as a fuller understanding of the immune responses
generated against SIV. Additionally, several other species
of macaques are now being used in AIDS research, and
their cellular immune responses are beginning to be de-
fined.

This review highlights recent advances in AIDS research
using nonhuman primate models and provides a compre-
hensive list of the published MHC class I and class II
epitopes (Table I-B.T|and [Table I-B.2). A summary of the

peptide-binding motifs of several macaque MHC alleles is

also presented (Table T-B.3).

I-B-2 Indian rhesus macaques: MHC

class | molecules and CD8 + T cell
epitopes

The Indian rhesus macaque (Macaca mulatta) remains the
best characterized and most commonly studied nonhuman
primate AIDS model. At this time, the peptide binding
motifs of five MHC class I molecules (Mamu-A*01, -
A*02, -A*11, -B*01, and -B*17) have been fully defined
in the SIV-infected rhesus macaque model (Table I-B.3),
enabling the identification of 43 of the 66 known SIV-
specific CD8+ T cell epitopes [Allen et al.]
1998, 2001} Mothé et al.l [2002b} [Loffredo et al.| [2004;
Sette et al., 2005} [Loffredo et al., [2005]]. As described
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above, Mamu-A*01 has been intensely investigated, as
it was the first MHC class I molecule studied in detail
[Allen et al., |1998; [Furchner et al., |1999; |Allen et al.,
2001} 2000; Egan et al.L[1999; |Barouch et al.|[2002; | Mothé
et al.,2002a; |0’ Connor et al., [2002a; |Zhang et al.| 2002;
Pal ef al.,2002; Miihl et al.| [2002; /O’ Connor et al., 2004;
Friedrich er al.l [2004b; Knapp et al., [1997; Peyerl et al.|
2003}, [Kuroda et al., 1998}, [Loffredo et al., [2007a]]. The
addition of four well-characterized MHC class I molecules
significantly broadens the repertoire of immune responses
that researchers may effectively monitor in animal stud-
ies. Mamu-A*02 and Mamu-B*17 are particularly helpful
with twenty [Vogel et all 20024} [Loffredo et al.l 2004
Robinson et al.,[2001; Watanabe ef al.| |1994] and twelve
[Evans et al., 1999, [2000; |Dzuris et al.,[2000; Mothé et al.,
2002b; Horton et al.,|2001]] epitopes, respectively, known
to be restricted by these two alleles. In addition, each is
present at a high frequency (>10%), in most captive rhesus
macaque colonies [Kaizu et al.,[2007].

Mamu-B*01, another high frequency allele, is unusual
in that it does not appear to be involved in the immune re-
sponse directed against SIVmac239 [Loffredo et al.l[2005],
although previous published reports had described six
Mamu-B*01-restricted CD8+ T cell epitopes [Yasutomi
et al.,|1995; |Su et al.,[2005|]. However, the MHC restric-
tion of these six putative Mamu-B*01-restricted epitopes
was not verified with MHC class I transfection of 721.221
cells [[Yasutomi et al.l,[1995;|Su et al., 2005]. In a subse-
quent study, it was found that the putative epitopes did not
bind to Mamu-B*01 with biologically relevant affinities
[Loffredo et al.} 2005]], nor were CD8+ responses to these
peptides detected in eight Mamu-B*01+ SIV-infected In-
dian rhesus macaques. Hence, vaccine immunogenicity
studies in Mamu-B*0I1+ macaques may not yield useful
results.

I-B-3 Indian rhesus macaques: web-based

immunogenetics resources

Based on the identified SIV-specific CD8+ T cell epitopes
and the peptide binding profiles of their corresponding In-
dian rhesus macaque MHC class I alleles, a computational
algorithm was developed to predict the peptide binding
and potential T cell epitopes restricted by the MHC class I
molecules Mamu-A*01, -A*02, -A*11, -B*01, and -B*17
[Peters et al., [2005a]]. This can be accessed at the web-
site http://www.mamu.liai.org/. Previous studies
defined detailed peptide binding motifs, aiding discovery
of the majority of identified SITVmac239 epitopes [Allen
et al.,|1998| 2001} Mothé et al.l |2002b; [Loffredo et al.,
2004 |Sette et al.l, 2005; Loffredo et al., [2005]. However, it
is possible that epitope screens done in chronically infected
macaques failed to detect some subdominant responses re-
stricted by these alleles. Identification and characterization
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of additional subdominant responses may be aided by us-
ing the website’s search engine to find the predictive bind-
ing values of peptides within regions of novel responses
of unknown restriction. In addition, this resource may be
of use to researchers studying other viral pathogens in the
Indian rhesus macaque, expediting CD8+ T cell epitope
identification. The Immune Epitope Database and Anal-
ysis Resource (IEDB) [Peters et al.l 2005b], located at
http://www.immuneepitope.org/, is another useful
resource recently made available. The IEDB project is
hosted at the La Jolla Institute for Allergy and Immunol-
ogy (LIAI), and one of its foci is the compilation of known
immune (antibody and T cell) epitopes and MHC binding
data. These two resources provide useful information re-
garding the epitopes and alleles discussed in this review,
in addition to covering humans, rodents, and various other
animal species.

I-B-4 Indian rhesus macaques: viral

evolution and epitope
cross-reactivity

As more epitopes restricted by different Indian rhesus
macaque alleles have been identified and followed over
the course of SIV infection, sequencing of viral RNA has
revealed selection of variation by CD8+ T cells. Escape
mutations are detected in many epitopes targeted by CD8+
T cells, and variation is found in epitopes restricted by each
of the alleles discussed previously in the review [Evans
et al.l [1999; |Allen et al., [2000; |(O’Connor et al., 2002a,
2004; [Barouch et al.l 2002, 2003; Peyerl et al.l [2003;
Friedrich et al.,|2004b; Loffredo et al., 2004} Vogel et al.}
2002a]). This variation is selected for with varying kinetics
following infection, though for a given epitope the same
escape mutation is often found in multiple animals. Recent
studies have also shown that viral escape from CD8+ T
cell pressures can exact a fitness cost to the virus via fitness
assays and reversion experiments [Friedrich ez al.| 2004a;
Peyerl et al.| [2003; [Friedrich ef al.l2004b; Barouch et al.l
2005]].

Reactivity to escape variant peptides is frequently de-
tectable in enzyme-linked immunospot or intracellular
cytokine staining assays. However, this putative “cross-
reactivity” may be an artifact of the non-physiological
antigen presentation that occurs when high concentrations
of exogenous antigen are used to stimulate T cells. For
at least two SIVmac239 epitopes, Mamu-A*01-restricted
Gagi31-189CM9 and Tatyg.35SL8, consistent reactivity to
escape variant peptides has been observed, albeit with re-
duced functional avidity. By contrast, cells infected with
corresponding escape variant viruses were not recognized
by CD8+ T cell lines specific for the wild-type epitope
[Loftredo et al.,[2007a}; |Valentine et al.,|2007]]. Whether
de novo responses specific for escape variant sequences
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are generated has not been rigorously studied.

I-B-5 Indian rhesus macaques: natural

containment of pathogenic SIV
replication

The most interesting, recent studies of Indian rhesus
macaque immunogenetics involved the characterization
of two MHC class I alleles associated with slow disease
progression in SIV-infected macaques. Both Mamu-B*17
and Mamu-B*08, unlike Mamu-A*01, are MHC class I al-
leles significantly enriched in elite controller (EC) cohorts
[Yant et al.l 2006; Loffredo et al., [2007b]. Fourteen of
the sixteen (88%) EC macaques identified from a cohort
of 196 SIVmac239-infected macaques expressed either
Mamu-B*17 or Mamu-B*08. This percentage is similar
to a previous study that demonstrated the overrepresen-
tation of HLA-B*5701 (11 of 13, 85%) in a cohort of
long term nonprogressors / ECs with normal CD4+ T cells
counts and HIV replication less than 50 vRNA copies/ml
[Migueles et al.,|2000]. Mamu-B*17+ and Mamu-B*08+
macaques also exhibit a greater reduction in SIV viremia
compared to Mamu-A*0I+ macaques in a cohort of 196
SIVmac239-infected macaques [[Yant et al., 2006} Loft
fredo et al.,|2007Db].

Intriguingly, the peptide binding motif of Mamu-B*17
is broadly similar to that of HLA-B57, while the Mamu-
B*08 motif resembles that of HLA-B27. HLA-B57 and
-B27 are associated with lower plasma virus concentra-
tions in HIV-infected individuals [Carrington & O’Brien)
2003]. Although Mamu-B*17 seems to tolerate a wider
array of residues at position two than HLA-B57, both mol-
ecules require W, F, or Y at the C-terminal anchor position
[Mothé et al., [2002b; Rammensee et al., [1999; Marsh
et al.2000]]. A previous study demonstrated that another
macaque MHC class I molecule, Mamu-B*03, binds pep-
tides conforming to the HLA-B27 binding motif [Dzuris
et al.,|2000]. This allele was also associated with slow SIV
disease progression [Evans ef all|[1999], but additional
studies were hindered by the low frequency of this allele
in captive rhesus macaques (overall < 1%; |[Kaizu et al.
[2007]). Mamu-B*03 and Mamu-B*08 are almost iden-
tical in amino acid sequence [Boyson e al.,[1996], with
only two amino acid differences between Mamu-B*03
and Mamu-B*08 in regions that influence peptide binding
and antigen recognition [Bjorkman et al.| 1987} |Garrett
et al.,|[1989]]. Both differences reside in the alpha-1 domain
(exon two). Therefore, it is likely that Mamu-B*08 also
shares this HLA-B27 binding profile. This hypothesis is
supported by the fact that all seven Mamu-B*08-restricted
CD8+ T cell epitopes currently described fit
the peptide-binding motif for HLA-B27 of an R at position
two and an L at the C-terminus [Lotfredo et al., [2007c||.
Studies to completely define the Mamu-B*08 peptide bind-
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ing motif are ongoing, and should help to identify the
complete repertoire of SIVmac239-specific CD8+ T cell
epitopes restricted by Mamu-B*08.

The discovery of Mamu-B*17 and Mamu-B*08 now
provide us with a unique opportunity not previously avail-
able due to technological and assay limitations. Currently,
we have found that about 20-25% of Mamu-B*17+ and
about 50% of Mamu-B*08+ SIV-infected Indian rhesus
macaques are elite controllers [[Yant et al., 2006} |Loffredo
et al.,|2007b]. With peptide binding motifs similar to the
analogous human EC alleles HLA-B57 and HLA-B27, re-
spectively, and definition of at least seven SIV epitopes
for each macaque allele (Table I-B.T), investigators now
have the resources to study successful immune responses
against AIDS viruses in the SIV-infected macaque model.

I-B-6 Indian rhesus macaques: MHC

class Il molecules and CD4 + T cell
epitopes

As with HIV, mapping of CD4+ T cell epitopes in SIV has
lagged behind studies of CD8+ T cell epitopes. This is due
in part to the difficulty in maintaining such responses in
the face of ongoing viral replication, as HIV-specific CD4+
T cells are preferentially infected [Douek et al., |2002].
Initially, studies focused on identifying Env-specific CD4+
T cell responses in SHIV-infected macaques [Lekutis &
Letvin, (1997 [Dzuris et al., 20015 Lekutis et al.l, [1997].
Two MHC class II molecules, Mamu-DRB1*0406 and
Mamu-DRB*w201, presented three Env-specific CD4+
T cell responses, enabling an Env-specific MHC class 11
tetramer to be constructed [[Kuroda et al., [2000]. Later,
peptide binding motifs for these two alleles were generated,
and used to identify other SIV-derived peptides that Mamu-
DRB1*#0406 and Mamu-DRB*w201 might present [Dzuris
et al.l [2001]]. This investigation also discussed two new
novel CD4+ T cell responses against Gag and Rev that
were restricted by Mamu-DRB*w201. Unpublished data
from Giraldo Vela et al. describe five additional MHC
class II alleles that restrict CD4+ T cell responses in Gag,
Rev, Nef, and Vpx, thereby doubling the number of known
SIV/SHIV epitopes (Table I-B.2). Numerous other regions
of SIV have been documented to contain CD4+ T cell
epitopes [Mills ef all [1991; Sarkar et all 2002; [Vogel
et al.| [2002b]]. However, the MHC class II restriction of
the majority of these responses remains undefined.

I-B-7 Alternatives to the SIV-infected
Indian rhesus macaque animal
model

The demand for Indian rhesus macaques has lessened
somewhat with a growing interest in alternative nonhuman
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primate models for AIDS. Currently, pigtail macaques
(Macaca nemestrina) are being used in epitope identi-
fication and vaccine/pathogenesis studies. In addition,
vaccine-induced immune responses have been effective at
controlling SIVmac239 replication in Burmese macaques
(Macaca mulatta), while the simple MHC genetics of Mau-
ritian cynomolgus macaques (Macaca fascicularis) may
offer unique opportunities for future SIV studies. There
are, however, some key differences between these groups
of animals, which are pertinent to SIV research.

All of these macaques, of the genus Macaca, are native
to Asia and are non-natural hosts for SIV. Burmese-origin
rhesus macaques, while the same species as Indian-origin
rhesus macaques, are from a geographically separate popu-
lation and possess divergent MHC class I alleles. Different
subpopulations of rhesus macaques (Indian, Burmese, and
Chinese origin) can be readily distinguished by mitochon-
drial DNA sequencing [Smith & McDonoughl 2005]], and
by single nucleotide polymorphism analysis [[Ferguson
et al., |2007; Malhi et al., [2007], tools that may be use-
ful for determining ancestry of animals with unknown
origin. The most recent common ancestor of the rhesus
macaque species is estimated to have lived about 1.9 mil-
lion years ago, around the time rhesus macaques diverged
from cynomolgus macaques [Hernandez et al.,2007]. Pig-
tailed macaques are somewhat more distantly related, hav-
ing separated from the rhesus macaque lineage about 3.5
million years ago [Morales & Melnickl |[199§].

These different groups of macaques experience varying
degrees of pathogenicity following infection with com-
monly used SIV isolates. A comparative study by Reimann
et al.|[2005]] found no significant difference in the acute-
phase peak of viremia in STVmac251-infected Indian rhe-
sus, Chinese rhesus, and cynomolgus macaques, while a
separate study of SIVmac251-infected pigtail macaques
measured a very similar acute-phase viral peak [Batten
et al.|2000]. Differences in plasma virus concentrations
emerge after acute infection, the timing of which sug-
gests a determinative role for the adaptive immune re-
sponse, rather than an inherent difference in the replica-
tive capacity of SIV in these animals. Overall, rhesus
macaques of Indian descent consistently have the highest
viral set-points. In comparison, it appears that the chronic-
phase plasma viremia of SIVmac239 in Burmese rhesus
macaques (geometric mean of 65,000 VRNA copies/ml in
one small study [Yamamoto et al.| 2007]) is similar, or
perhaps slightly lower than that observed in a large co-
hort of Indian rhesus macaques (geometric mean 223,800
vRNA copies/ml, [Loffredo et al., 2007bf]). However, a
direct comparison of these animals has not been published.
Meanwhile, cynomolgus macaques have significantly re-
duced plasma virus concentrations (approximately two-
logs) compared to Indian-origin rhesus macaques, with a
large proportion of these cynomolgus macaques becoming
ECs after STVmac251 challenge [Reimann et al., [2005].
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Pigtail macaques are also productively infected with SIV-
mac251, with substantial variability in their viral set-point
having been documented [Batten ef al.,[2006].

Why different macaque species/subspecies have differ-
ent disease courses following infection with the same virus
has not been defined, but it is notable that SIV isolates
used in the majority of studies (SIVmac239, SIVmac251,
and SHIV-89.6P) have been passaged in rhesus macaques
of Indian origin. One study has shown that passaging SIV
in thesus macaques of Chinese origin resulted in increased
viral loads in subsequently infected Chinese macaques
[Burdo et al.,2005]]. While the mutations acquired were
not characterized, this study suggests that species-specific
adaptations might play a role in determining viral set-point
for different groups of animals.

I-B-8 Burmese rhesus macaques

Several interesting vaccine experiments have utilized SIV-
infected Burmese rhesus macaques. A Gag-expressing
DNA-prime/Sendai virus vector boost vaccination led to
control of SIVmac239 replication in five of eight vacci-
nated Burmese macaques [Matano et al.,2004]. By week
five, the successful vaccinees had undetectable plasma
virus concentrations. Interestingly, viruses from these five
animals had escape mutations in Gag that appeared to
have occurred at a high fitness cost to the virus [Matano
et al., [2004; Kobayashi et all |2005]. The escape anal-
ysis demonstrated that three vaccinees shared an MHC
class I haplotype (90-120-1a), which restricted some of
the Gag-specific CD8+ T cell responses (Table T-B.T].
Follow-up studies in these animals have shown that mul-
tiple Gag-specific CD8+ T lymphocyte responses were
involved in the vaccine-induced control [Kawada et al.,
2000, and additional viral mutations associated with this
MHC class I haplotype (90-120-Ia) accumulated. At this
time, responses have not been mapped to specific MHC
class I alleles.

Additionally, SIV-specific CD4 responses in the
Burmese macaques are being investigated and appear to
be associated with viral control [Lun et al.| [2004]. SIV-
specific CD8+ T cells that are not directed against Gag also
appear to be important in Burmese macaques, although
responses have not yet been mapped [Kawada et al.| [2007].

I-B-9 Pigtail macaques

Until recently, research with pigtail macaques had been
hampered by a lack of defined viral epitopes and limited
characterization of pigtail macaque MHC class I alleles.
However, over the past several years considerable effort
has been directed toward understanding the immunogenet-
ics of pigtail macaques, widening the resources available to
researchers. Importantly, many Macaca nemestrina MHC
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class I alleles (Mane) have now been characterized from
more than 100 pigtail macaques [Lafont et al.,[2003}; |Pratt
et al.,[2006; |Smith et al., [2005a].

Immunogenetic analyses of these animals have iden-
tified several defined minimal-optimal epitopes in Gag
(Table I-B.T). Of particular interest is an immunodominant
response, Gagje4.1720KP9, restricted by the high frequency
allele, Mane-A*10 (and later Mane-A*16, an MHC class I
allele of similar sequence) [Smith er al.l |2005alb]. This
SIV epitope Gagjes-170KP9 has been studied extensively
and parallels can be drawn to the Mamu-A*01-restricted
CD8+ T cell epitope Gag;g;-189CM9. Viral escape at posi-
tion two of this epitope leads to loss of epitope recognition
[Fernandez et al.,|2005]. Viral fitness was also impaired by
this mutation, as evidenced by sequence reversion when
the selective pressure of the Gagjgs.170KP9-specific im-
mune responses was removed [Fernandez et al.| 2005} [Loh
et al.l, 2007} [Fernandez et al., 2007]. In addition, unvacci-
nated pigtail macaques infected with STVmac251 that di-
rected a response against Gagig4.172KP9 have significantly
reduced plasma viremia compared to Gagg4.170KP9 non-
responders [Smith ef al.|[2005a].

Additional research has also identified three subdomi-
nant Gag responses in pigtail macaques restricted by vari-
ous other MHC class I alleles ([Smith et al.|
2005a; |[Fernandez et al., 2005 [Pratt et al.,[2006|. Further-
more, several other Gag-specific CD8 and CD4 responses
are currently being mapped, and their restriction elements
determined [Fernandez ef al.l[2005]). Finally, another study
provided a comparative virological and immunological
analysis of a variety of primate lentiviruses showing the
variable pathogenicity of a variety of SIV/SHIVs that are
available for use in pigtail macaques [Batten et al.,[2006].

I-B-10 Mauritian cynomolgus macaques

Research with cynomolgus macaques has not been as com-
mon as research with rhesus macaques because many SIV
and SHIV strains are less pathogenic in the cynomolgus
species [Reimann ef al.l 2005]]. However, lately there has
been renewed interest in studying the SIV-specific immune
responses in these animals, largely due to the unique im-
munogenetics of cynomolgus macaques from the Indian
Ocean island of Mauritius. During the definition of 66
MHC class I alleles in cynomolgus macaques of Chinese,
Vietnamese, and Mauritian origin, it was discovered that
most MHC class I alleles could be divided by geographic
origin, with few alleles shared by animals descended from
geographically distinct populations [Krebs et al., 2005].
This is similar to findings in Chinese and Indian rhesus
macaques, which do not express the same MHC class |
alleles [Ling et al.,[2002} [Trichel et al.l 2002]. These data
highlight the point that macaques from different origins
are not interchangeable in studies of cellular immunity.
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However, also of great interest was the finding that more
than 50% of Mauritian cynomolgus macaques shared a
combination of three MHC class I alleles. In contrast, the
most frequent Indian rhesus macaque alleles are present
at a frequency of only 25-30% in any given population
[Kaizu et al., 2007].

Follow-up analysis using microsatellite markers re-
vealed that the Mauritian cynomolgus macaques have ex-
tremely simple MHC genetics, with six distinct chromo-
somal haplotypes accounting for almost all of the MHC
class I and class II diversity in this population, likely due
to these animals being recently descended from a small
founder population [Lawler et al., [1995]]. Remarkably,
39% of Mauritian cynomolgus macaques carry at least
one copy of the most frequent MHC haplotype, with 8%
being homozygous for this haplotype [Wiseman et all
2007]). This extensive sharing of MHC haplotypes is un-
precedented among macaques [Otting et al., 2005} |Penedo
et al.| 2005 Krebs et al., 2005; Wiseman et al., 2007] and
could expand the scope of SIV studies undertaken in non-
human primates by allowing greater control over genetic
variability. Studies are now possible in which entire MHC
class I haplotypes are matched, rather than a single MHC
class I molecule, as is typical in Indian rhesus macaques
studies. This may simplify studying cellular immune re-
sponses by eliminating unknown influences of unmatched
MHC class I alleles. In addition, adoptive lymphocyte
transfers that are possible in inbred mouse strains might
now be technically feasible with MHC-identical macaques.
Recently, the MHC class II alleles for the six common
haplotypes were characterized in these animals, enabling
researchers to generate useful molecular reagents for CD4+
T cell studies [[O’Connor et al.| 2007].

At this point, SIV epitopes restricted by these high fre-
quency MHC class I alleles have not been mapped in Mau-
ritian cynomolgus macaques. However, a recent study
defined a single Gag minimal-optimal epitope of unknown
MHC class I restriction [Negri et al.| 2006]. In addition, a
similar breadth of cellular immune responses in Gag, Pol,
Tat, Env, Rev, and Nef was identified in two MHC class I-
identical STVmac239-infected macaques. Corresponding
viral variation was seen in Tat, Rev, and Nef that may
prove to be escape from CD8+ T cell pressures [Wiseman
et al.l2007].

I-B-11  Advances in MHC genotyping

methods

To support efficient utilization of limited nonhuman pri-
mate resources and maximize the understanding of SIV-
specific immune responses in vaccine and viral pathogene-
sis studies, accurate and efficient MHC genotyping tech-
nologies are needed.

PCR amplification with sequence specific primers (PCR-
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SSP) is currently the preferred method for MHC geno-
typing at allelic-level resolution in many human clinical
laboratories [[Olerup & Zetterquist, 1991} |1992] because
this technique is specific, robust, and straightforward. The
PCR-SSP platform enables rapid, high throughput analysis,
yet it is cost effective and requires inexpensive equipment.
These benefits have made it a productive choice for MHC
class I genotyping of Indian rhesus macaques. Initial in-
vestigations designed PCR-SSP primers for a single MHC
class I allele of interest, with unique PCR amplification
conditions [Knapp et al.| [1997; Vogel et al.|2002a; Hor{
ton et al.l 2001} [Loffredo et al.l 2005 Robinson et al.)
2001} [Schramm et al.l 2001} Su et al., [2005]]. However,
recent technological improvements have allowed the use
of unified PCR conditions, allowing simultaneous PCR
amplification of eight Indian rhesus macaque MHC class I
alleles [Kaizu ef al., 2007]. These alleles were selected
since they have been implicated in the restriction of SIV-
specific CD8+ T cell epitopes. Molecular genotyping of
Mamu-A*01, -A*02, -A*08, -A*11, -B*01, -B*03, -B*04,
and -B*17 can now be conducted in a high throughput
fashion, using genomic DNA as a template.

Although the importance of defining the complete MHC
class I repertoire of a given macaque is well recognized,
development of a simple, comprehensive molecular geno-
typing method for rhesus macaque MHC class I alleles
has been difficult. During the evolution of this species, the
Mamu-A and Mamu-B loci were duplicated [Bontrop &
Watkins, [2005; [Otting et al.| 2005 Daza-Vamenta et al.,
2004} [Boyson et al., |1996; |Kulski er al., [2004]. There-
fore, macaques express a variable number of MHC class 1
alleles per haplotype.

The complexity of the nonhuman primate MHC is prob-
lematic for PCR-SSP-based genotyping since this tech-
nique can only detect known MHC alleles. Moreover, it is
difficult to develop allele-specific primers in the absence
of a reasonably complete allele database. The established
methods to identify all of the alleles in a given macaque in-
volve PCR cloning and sequencing, or generating macaque-
derived cDNA libraries. While cDNA libraries are the gold
standard in identifying MHC alleles, the process is very
time consuming and expensive. PCR cloning and sequenc-
ing is a less time consuming alternative and requires less
starting material. However, this technique may introduce
PCR artifacts or provide incomplete MHC coverage due
to primer mismatches. Therefore, alternative genotyping
methods for rapid identification of all of the alleles in a
given animal are being investigated.

The most developed of these techniques is reference
strand-mediated conformational analysis, or RSCA. RSCA
is a modified heteroduplex assay capable of characteriz-
ing complex gene families [[Argiiello & Madrigal, |1999;
Argiiello et al.,|2003; [Kennedy et al.l 2005 Krebs ef al.l
2005]. Heteroduplexes are created by hybridization be-
tween fluorescently labeled reference strands and individ-
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ual MHC alleles. RSCA can resolve individual MHC
alleles because each MHC/reference strand heteroduplex
produces a characteristic and reproducible mobility profile
when electrophoresed in a nondenaturing polyacrylamide
gel. The mobility profile of each MHC allele can be further
resolved for higher degrees of sensitivity with the addition
of alternative reference strands. RSCA, unlike conven-
tional genotyping techniques (i.e. PCR-SSP), can detect
multiple known and unknown MHC alleles in a single reac-
tion, enabling the researcher to define the full complement
of expressed class I alleles in a given animal.

RSCA has been used in several nonhuman primate stud-
ies, including the SIV models summarized in this review.
These applications include MHC genotyping, allele dis-
covery, epitope restriction determination, and identifying
haplotype inheritance patterns [Krebs ez al., 2005} Smith
et al., |2005alb; Pratt et al., [2006; [Baquero et al.| [2006;
Wiseman ef al.| 2007} [Tanaka-Takahashi et al.,[2007]. Cur-
rent RSCA platforms can be easily expanded to incor-
porate newly discovered alleles once a mobility profile
is established. However, RSCA is best utilized in tan-
dem with other MHC genotyping techniques due to lim-
ited sensitivity in some circumstances [Pratt ez al., [2006
Tanaka-Takahashi et al.,|2007]. In addition, this technique
is still technically demanding [Krebs et al., |2005; |Pratt
et al.| 2006} Smith ef al.l[2005alb|], so genotyping via capil-
lary electrophoresis is currently being explored for higher
throughput and increased sensitivity.

Another alternative for rapid MHC genotyping is mi-
crosatellite analysis, also known as short tandem repeat
(STR) genotyping. For years, microsatellite genotyping
has been applied for tissue matching and donor screening
in human transplantation [[Carrington & Wadel |1996; [Fois+
sac et al.,2001]. MHC genotyping using microsatellite
markers has become more common because the method
18 sensitive, accurate, and cost effective. With the recent
publication of the genomic sequence of the entire rhesus
macaque MHC [Daza-Vamenta et al. 2004]], and more
recently the complete genome of an Indian-origin rhesus
macaque [Gibbs et al., 2007|], additional microsatellite
sites have been identified for use in nonhuman primate
studies. Microsatellite maps of the macaque MHC were
recently published [Wojcechowskyj et al.l [2007; Wiset
man et al.,|2007]] in addition to a core marker set of four
multiplex PCR panels comprising fifteen autosomal STR
loci for genetic managements of rhesus macaque colonies
[Kanthaswamy ef al.,|2006].

Microsatellite genotyping has already been utilized in
rhesus macaque breeding groups to help define MHC hap-
lotypes, track descent, and to differentiate chromosome
configurations that would appear identical based on more
limited allele-specific genotyping [Penedo et al., 2005].
More recently, microsatellite analysis was instrumental in
characterizing the simple genetics of Mauritian cynomol-
gus macaques [Wiseman et al.,|2007]. In order to define
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MHC haplotypes in these animals, a panel of eighteen
microsatellite markers, spanning the entire 5-Mb MHC
region was utilized. The majority of the primers used to
amplify these microsatellite markers were adapted from
rhesus genomic sequences [Daza-Vamenta ef al.| [2004
Gourraud et al., 2004; |[Penedo et al., [2005]]. In a cohort
of more than 100 feral Mauritian cynomolgus macaques,
this analysis was applied to identify the six common haplo-
types that account for two-thirds of the MHC haplotypes in
these animals, as described above [Wiseman et al., [ 2007].
Microsatellite genotyping can also be used for direct geno-
typing for a specific MHC class allele if a tightly linked
microsatellite marker is identified. For example, the H11-
9268 microsatellite marker has shown exceptional linkage
to Mamu-B*17 in a cohort of 75 Indian rhesus macaques
[Wojcechowskyj et al.|,|2007]). In the future, this technol-
ogy may assist in selective breeding of nonhuman primates
by identifying homozygous animals, something that is not
possible with current PCR-SSP strategies.

Identification of single nucleotide polymorphisms
(SNPs) has also been aided by the completion of the rhesus
macaque genome. Recently, 23,000 candidate SNPs were
identified throughout the rhesus macaque genome and com-
piled into a web resource called MamuSNP that is housed
athttp://mamusnp.ucdavis.edu|[Malhi et al.,2007].
Two other studies identified and applied SNPs to popula-
tion genetic analyses between Indian-origin and Chinese-
origin rhesus macaques to understand the demographic his-
tory and genetic divergence of these two groups [Ferguson
et al.,|2007; | Hernandez et al., 2007|]. Like microsatellite
analysis, genetic studies using SNPs will play an important
role in establishing ancestry, directing macaque breeding
programs, and helping to map and identify genes involved
in complex diseases in the future.

I-B-12 Concluding remarks

Nonhuman primate AIDS research is critical to HIV vac-
cine development and pathogenesis studies. A great deal
of progress has been made in improving the nonhuman
primate model in the last decade. The cellular immune
responses of Indian rhesus macaques are far better defined,
and additional macaque models, Burmese rhesus, pigtail,
and cynomolgus, which are useful for AIDS research have
been identified. However, despite this progress, our un-
derstanding of macaque immunogenetics is still is rudi-
mentary. Much work remains to be done in identifying
MHC class I and class II alleles in these macaques, in
mapping immune responses, and in characterizing which
responses are effective against immunodeficiency viruses.
Understanding these basic issues may then facilitate patho-
genesis studies, and the rational design and testing of T
cell-based vaccination strategies.
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I-B-13 Table of SIV epitopes

Table I-B.1: Known MHC class I epitopes and restricting molecules

SMIINIY

Virus Species? Protein Amino acid Short Sequence Restricting GenBank  Reference
positions®  name molecule® Acc. No.d

SIVmac239 Rhesus Gag 149-157 LW9 LSPRTLNAW Mamu-A*01¢  U50836 Allen er al..[2001

SIVmac239, Rhesus Gag 181-189 CM9 CTPYDINQM Mamu-A*01¢  U50836 Allen et al.; 20011998}

SIVsmE660, Furchner et al.||1999

SIVsmH4

SIVmac239 Rhesus Gag 254-262 QI9 QNPIPVGNI Mamu-A*01¢  U50836 Allen et al.;[2001

SIVmac239 Rhesus Gag 372-379 LF8 LAPVPIPF Mamu-A*01¢  U50836 Allen et al.|[2001

SIVmac239 Rhesus Pol 147-156 LVI1O0 LGPHYTPKIV Mamu-A*01¢  U50836 Allen et al.|[2001

SIVmac239 Rhesus Pol 592-600 QVvo QVPKFHLPV Mamu-A*01¢  U50836 Allen et al.|[2001

SIVmac239, Rhesus Pol 625-633 SV9 STPPLVRLV Mamu-A*01¢  U50836 Allen et al.|[2001} Egan et al.!

SIVmac251, 1999

SHIV-89.6,

SHIV-HXBc2

SIVmac251 Rhesus Pol 692-700 SV9 SGPKTNIIVf Mamu-A*01¢  U50836 Allen et al.;|2001}/O’ Connor
et al.|[2004

SIVmac239 Rhesus Pol 696-704 SV9 SGPKANIIVf Mamu-A*01¢  U50836 Allen et al.|[2001

SIVmac239 Rhesus Env 233-240 CLS8 CAPPGYAL Mamu-A*01¢  U50836 Allen et al.|[2001

SIVmac239, Rhesus Env 233-241 CL9 CAPPGYALL Mamu-A*01¢  U50836 Allen et al.| 2001} |Furchner

SIVsSmE660, (234-242) et al.|[1999

(SIVsmH4)

SHIV-89.6, Rhesus Env 397-405 YI9 YAPPISGQI Mamu-A*01¢  U50836 Egan et al.| (1999

SHIV-HXBc2

SIVmac239 Rhesus Env 620-628 TL9 TVPWPNASL2 Mamu-A*01¢  U50836 Allen et al.| 2001

SIVsmH4, Rhesus Env 626-634 TL9 TVPWPNETLS® Mamu-A*01¢  U50836 Furchner et al.|[1999

SIVsmE660

SIVmac239 Rhesus Env 726-735 ST10 SSPPSYFQQT Mamu-A*01¢  U50836 Allen et al.;|2001}/0O’ Connor
et al.|[2004

SIVmac251 Rhesus Env 729-738 ST10 SPPSYFQTHT Mamu-A*01¢  U50836 Allen ef al.|[2001

SIVmac239 Rhesus Tat 28-35 SL8 STPESANLD Mamu-A*01¢  U50836 Allen er al.|[2001,/2000

SIVmac251 Rhesus Tat 28-35 TLS8 TTPESANLD Mamu-A*01¢  U50836 Allen et al.| 2001

SIVmac239 Rhesus Vif 144-152 QA9 QVPSLQYLA Mamu-A*01¢  U50836 Allen et al.|[2001

SIVmac239 Rhesus Vpx 8-18 II1 IPPGNSGEETI Mamu-A*01¢  U50836 Allen et al.|[2001
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Table I-B.1: Known MHC class I epitopes and restricting molecules (cont.)

Virus Species? Protein Amino acid Short Sequence Restricting GenBank Reference
positions®  name molecule® Acc. No.d
SIVmac239 Rhesus Gag 71-79 GY9 GSENLKSLY Mamu-A*02!  U50837 Loffredo et al.|[2004} Vogel
et al.|2002a
SIVmac239 Rhesus Pol 324-332 FF9 FSIPLDEEF Mamu-A*024  U50837 Loffredo et al.|[2004
SIVmac239 Rhesus Pol 518-526 LY9 LSQEQEGCY Mamu-A*02!  U50837 Loffredo et al.|[2004
SIVmac239 Rhesus Env 296-304 RY9 RTIISLNKY Mamu-A*02!  U50837 Loffredo et al.|[2004
SIVmac251 Rhesus Env 306-313 YRS YNLTMKCR Mamu-A*02!  U50837 Watanabe et al.||1994
SIVmac239 Rhesus Env 317-325 KM9 KTVLPVTIM Mamu-A*02!  U50837 Loffredo et al.|[2004
SIVmac239 Rhesus Env 359-367 QY9 QTIVKHPRY Mamu-A*024  U50837 Loffredo et al.|[2004
SIVmac239 Rhesus Env 519-528 GF10 GTSRNKRGVF Mamu-A*02! U50837 Loffredo et al.|[2004
SIVmac239 Rhesus Env 760-768 SY9 SSWPWQIEY Mamu-A*02!  U50837 Loffredo et al.|[2004
SIVmac239 Rhesus Env 788-795 RYS RTLLSRVY Mamu-A*02!  U50837 Loffredo et al.|[2004
SIVmac239  Rhesus Nef 20-28 LY9 LLRARGETY Mamu-A*024  U50837 Loffredo et al.| 2004
SIVmac239 Rhesus Nef 110-119 TM10 TMSYKLAIDM Mamu-A*02!  U50837 Loffredo et al.|[2004
SIVmac239, Rhesus Nef 159-167 YY9 YTSGPGIRY Mamu-A*(Q2! U50837 Loffredo et al.|2004|
SIVmac251, Robinson et al.! 2001} [Vogel
SHIV-89.6(P) et al.|[2002a
SIVmac239 Rhesus Nef 169-177 KL9 KTFGWLWKL Mamu-A*02!  U50837 Loffredo et al.|[2004
SIVmac239 Rhesus Nef 221-229 YY9 YTYEAYVRY Mamu-A*02!  U50837 Loffredo et al.|[2004
SIVmac239 Rhesus Nef 248-256 LM9 LTARGLLNM Mamu-A*021  U50837 Loffredo et al.| 2004
SIVmac239 Rhesus Vif 89-97 W9 ITWYSKNFW Mamu-A*02!  U50837 Loffredo et al.| 2004
SIVmac239 Rhesus Vif 97-104 WY8 WTDVTPNY Mamu-A*02!  U50837 Loffredo et al.|[2004
SIVmac239 Rhesus Vif 104-113 YY10  YADILLHSTY Mamu-A*02!  U50837 Loffredo et al.|[2004
SIVmac239 Rhesus Vpr 63-71 RM9 RILQRALFM Mamu-A*02!  US50837 Loffredo et al.|[2004
SIVmac239 Rhesus Pol 782-789 YLS YHSNVKEL Mamu-A*07 AF161324 |Sacha et al.||2007
SHIV-HXBc2 Rhesus Env 117-124 KP8 KPCVKLTP Mamu-A*08 AF243179 |Voss & Letvin||{1996
SIVmac239 Rhesus Gag 178-186 SI9 SEGCTPYDI Mamu-A*11 AF199357  |Sette et al.|[2005
SIVmac239 Rhesus Pol 92-100 AL9 AERKQREAL Mamu-A*11 AF199357 |Sette et al.|[2005
SIVmac239 Rhesus Pol 507-517 Alll AEAEYEENKII Mamu-A*11 AF199357 |Sette et al.||2005
SIVmac239, Rhesus Env 495-502 GI8 GDYKLVEI Mamu-A*11 AF199357 |Duzuris et al.||[2000| Evans
(SIVppm) (497-504) et al.|[2000]1999] [Sette et al.!
2005
SIVmac239 Rhesus Nef 124-132 K19 KEKGGLEGI Mamu-A*11 AF199357 |Sette et al.|[2005
SIVmac239 Rhesus Vpr 13-21 RV9 REPWDEWVV Mamu-A*11 AF199357 |Sette et al.||2005
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Virus Species? Protein Amino acid Short Sequence Restricting GenBank Reference
positions®  name molecule® Acc. No.4
SIVppm Rhesus Env 575-583 KL9 KRQQELLRL Mamu-B*03 U41825 Evans et al.|[1999, 2000
SIVppm Rhesus Nef 136-146 ALI1  ARRHRILDIYLK Mamu-B*03 U41825 Dzuris et al.} 2000} [Evans
et al.| 20001999
SIVppm Rhesus Nef 136-146 ALI11  ARRHRILDMYLK Mamu-B*03 U41825 Dzuris et al.| 2000} |[Evans
et al.|[2000]|{1999
SIVppm Rhesus Nef 62-69 QP8 QGQYMNTP(W) Mamu-B*04 U41826 Dzuris et al.| 2000} |Evans
(62-70) (QW9) et al.|[2000] {1999
SIVmac239 Rhesus Rev 12-20 KL9 KRLRLIHLL Mamu-B*08 U41830 Loffredo et al.|[2007c
SIVmac239 Rhesus Rev 44-51 RLS RRRWQQLL Mamu-B*08 U41830 Loffredo et al.| 2007c
SIVmac239 Rhesus Nef 8-16 RL9 RRSRPSGDL Mamu-B*08 U41830 Loffredo et al.|[2007c
SIVmac239 Rhesus Nef 137-146 RL10  RRHRILDIYL Mamu-B*08 U41830 Loffredo et al.| 2007c
SIVmac239 Rhesus Nef 246-254 RL9 RRLTARGLL Mamu-B*08 U41830 Loffredo et al.|[2007c
SIVmac239 Rhesus Vif 123-131 RL9 RRAIRGEQL Mamu-B*08 U41830 Loffredo et al.|[2007c
SIVmac239 Rhesus Vif 172-179 RLS8 RRDNRRGL Mamu-B*08 U41830 Loffredo et al.|[2007c
SHIV-HXBc2 Rhesus Env 553-561 NA9 NNLLRAIEA Mamu-B*12 AF243178 |Voss & Letvin/|1996
SIVmac239 Rhesus Pol 372-379 MF8 MRHVLEPF Mamu-B*17 AF199358  Mothé ef al.|[2002b
SIVmac239 Rhesus Pol 435-443 FW9 FQWMGYELW Mamu-B*17 AF199358  Mothé et al.|[2002b
SIVmac239 Rhesus Pol 604-613 VWI0 VWEQWWTDYW Mamu-B*17 AF199358  Mothé et al.|[2002b
SIVmac239 Rhesus Env 241-251 LF11 LRCNDTNYSGF Mamu-B*17 AF199358 | Mothé et al.|[2002b
SIVmac239 Rhesus Env 816-825 LY10  LRTELTYLQY Mamu-B*17 AF199358  Mothé et al.|[2002b
SIVmac239 Rhesus Env 830-838 FW9 FHEAVQAVW Mamu-B*17 AF199358  Mothé er al.|[2002b
SIVmac239 Rhesus Nef 165-173 W9 IRYPKTFGW! Mamu-B*17 AF199358 |Horton et al.| 2001} Mothé
et al.|[2002b
SIVppm Rhesus Nef 165-173 IW9 IRFPKTFGW! Mamu-B*17 AF199358  |Dzuris et al.||2000} Evans
et al.|[2000] {1999
SIVmac239 Rhesus Nef 195-203 MW9  MHPAQTSQW Mamu-B*17 AF199358  Mothé et al.|[2002b
SIVmac239 Rhesus Nef 199-207 QW9  QTSQWDDPW Mamu-B*17 AF199358  Mothé et al.|[2002b
SIVmac239 Rhesus Vif 44-52 HW9  HFKVGWAWW Mamu-B*17 AF199358  Mothé et al.|[2002b
SIVmac239 Rhesus Vif 66-73 HWS8  HLEVQGYW Mamu-B*17 AF199358  Mothé et al.|[2002b
SIVmac239 Rhesus Vif 135-143 CY9 CRFPRAHKY Mamu-B*17 AF199358  Mothé et al.|[2002b
SIVmac239 Burmese rhesus  Gag 206-216 IL11 TINEEAADWDL 90-120-Ia (haplotype)™ Matano et al.| 2004
SIVmac239 Burmese rhesus  Gag 241-249 SW9 SSVDEQIQW 90-120-Ia (haplotype)™ Kawada et al.||2006} [Matano

et al.|)2004

sadojida ATS jo dqeL



L002/9007 ASojounuwiy Jend3OJA ATH

6€

Table I-B.1: Known MHC class I epitopes and restricting molecules (cont.)

Virus Species? Protein Amino acid Short Sequence Restricting GenBank Reference
positions®  name molecule® Acc. No.d
SIVmac239 Burmese rhesus  Gag 373-380 AAS APVPIPFA 90-120-Ia (haplotype)™ Kawada et al.||2006} [Matano
et al.|[2004
SIVmac239,  Pigtail Gag 164-172 KP9 KKFGAEVVP Mane-A*10"  AY557348 |Fernandez et al.| 2005} Smith
SIVmac251, Mane-A*16 AY557354 et al.|[2005alb
SHIVmn229,
SHIV-
SF162P3
SIVmac239, Pigtail Gag 251-258 YPS YRQQNPIP Mane-A*11 AY557349  |[Fernandez et al.|[2005]Smith
SHIVmn229, Mane-A*12 AYS557350  |et al.][2005a
SHIV-
SF162P3
SIVmac239,  Pigtail Gag 371-379 AF9 ALAPVPIPF Mane-A*17 DQ886026 |Fernandez et al.||2005{ Loh
SHIVmn229, et al.|2007] |Pratt et al.|[2006
SHIV-
SF162P3
SIVmac239, Pigtail Gag 28-36 KW9  KYMLKHVVW Mane-B*10 AYS557355 |Fernandez et al.| 2005} Loh
SHIVmn229, et al.| 2007} Smith et al..
SHIV- 2005a
SF162P3
SIVmac32H-  Cynomologus Gag 242-250 SM9 SVDEQIQWM Mafa-A*02 AB154761 |Geretti et al.||1997
J5
Notes:

4 Unless specified, rhesus designation implies rhesus macaques of Indian descent.
b Positions indicated for STVmac239 or first virus listed for each epitope unless otherwise specified. Epitopes in Pol are numbered from the open reading frame.

¢ MHC class I molecule designations: rhesus macaque (Macaca mulatta; Mamu); cynomolgus macaque (Macaca fascicularis; Mafa); pigtail macaque (Macaca

nemestrina; Mane).

4 The GenBank Acc. No. listed for each MHC class I restricting allele contains the most complete nucleotide sequence for that corresponding allele. Multiple entries

were marked if several full length sequences were available.

¢ The following GenBank Acc. No. are also listed for Mamu-A*01: AJ539307 and NM 001048246.

 This CD8+ T cell epitope, with an amino acid substitution at position 5, has been identified in both SIVmac239- and STVmac251-infected macaques.
€ This CD8+ T cell epitope, with amino acid substitutions at position 7 and 8, has been identified in both STVmac239- and SIVsmE660-infected macaques.
" This CD8+ T cell epitope, with an amino acid substitution at position 1, has been identified in both STVmac239- and STVmac251-infected macaques.

Reviews

sadojida ATS jJo dqeL

sadoyndiy ATS



ov

L002/9007 A3o[ounurway Je[NdION ATH

SMIINIY

I The following GenBank Acc. No. is also listed for Mamu-A*02: AJ539308.

i Epitopes may also be restricted by Mamu-A*01 in addition to Mamu-A*02.

K SIVppm is a heterogenous virus stock that contained both sequences of this Nef epitope.

! This CD8+ T cell epitope, with an amino acid substitution at position 3, has been identified in both STVmac239- and SIVppm-infected macaques.

™ MHC class I restriction unknown but mapped to a single MHC class I haplotype, 90-120-Ia. This haplotype consists of three Mamu-A alleles, (Mamu-A120-1,
Mamu-A120-4, and Mamu-A120-5) and four Mamu-B alleles (Mamu-B120-1, Mamu-B120-6, Mamu-B120-8, and Mamu-B120-9).

" The following GenBank Acc. No. is also listed for Mane-A*10: EF010518.
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Table I-B.2: Known MHC class II epitopes and resticting molecules

Virus Species? Protein Amino acid Short Sequence Restricting GenBank  Reference
positions® name molecule® Acc. No.
SIVmac239 Rhesus Gag 102-111 QE10  QIVQRHLVVE DRBw*606 AJ601370  |Giraldo-Vela et al.|[2007
(103-112) (IT10) (IVQRHLVVET)
SIVmac239 Rhesus Gag 184-193 YVI0O  YDINQMLNCV DRBw*2104  AJ601362  |Giraldo-Vela et al.| 2007
SIVmac239 Rhesus Gag 197-211 GA15 QAAMQIIRDIINEEA DRB1*0306 L27740 Giraldo-Vela et al.|[2007
SIVmac239 Rhesus Gag 260-274 GC15 GNIYRRWIQLGLQKC DRB*w201 L27742 Dzuris et al.| 2001
SHIV-89.6 Rhesus Env 172-191 EY20 EYAFFYKLDIIPIDNDTTSY  DRB*w201 L27742 Lekutis & Letvin}|1997|
SHIV-HXBc2 Lekutis et al.|[1997
SHIV-89.6 Rhesus Env 242-261 VL20  VSTVQCTHGIRPVVSTQLLLY DRBI1%0406 AJ601355  |Dzuris et al.| 2001} Lekutis &
SHIV-HXBc2 Letvin![1997
SHIV-89.6 Rhesus Env 486-494 YL9 YKVVKIEPL! DRB*w201 L27742 Dzuris et al.| 2001} |Lekutis &
SHIV-HXBc2 Letvin!|1997] |Lekutis et al.!
1997
SIVmac239 Rhesus Rev 11-23 RT13  RKRLRLIHLLHQT DRB*w201 L27742 Dzuris et al.| 2001
SIVmac239 Rhesus Rev 13-23 RT11 RLRLIHLLHQT DPB1*06 EF490966 |Giraldo-Vela et al.| 2007
SIVmac239 Rhesus Nef 138-152 RIIS5 RHRILDIYLEKEEGI DRBw*606 AJ601370  |Giraldo-Vela et al.| 2007
SIVmac239 Rhesus Vpx 31-40 EL10  EINREAVNHL DRB1*#1003 AJ601356  |Giraldo-Vela et al.||2007
(32-41) (IP10)  (INREAVNHLP)
Notes:

4 Unless specified, rhesus designation implies rhesus macaques of Indian descent.

b Positions indicated for STVmac239 or first virus listed for each epitope unless otherwise specified.

¢ MHC class I molecule designation: rhesus macaque (Macaca mulatta; Mamu).
4 The core binding region is shown in bold [Dzuris et al.|2001].
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Table I-B.3: Peptide-binding motifs of macaque MHC molecules

MHC molecule Primary Preferred amino acids Tolerated amino acids References
anchor
positions

Mamu-A*012 2b ST FWYNAGPLTIVM |Allenetall,|1998;
3b P TAC Sidney et al., 2000
C-terminus® F L I VM WYTA

Mamu-A*022 2 TSV LIVMA Loffredo et al.,
C-terminus YFMLWVI A 2004

Mamu-A*112 2 E DM Sette et al.,[2005
C-terminus I FWLMV

Mamu-B*01? 2 D E ASNGIQLTVM Loffredo et al.,
C-terminus IFLVW YM 2005

Mamu-B*03 2 R Dzuris et al.,[2000

(preliminary motif) C-terminus L

Mamu-B*04 2 G Dzuris et al., 2000

(preliminary motif)

Mamu-B*08 2 R Loffredo et al.,

(preliminary motif) C-terminus LIV 2007¢

Mamu-B*172 2 HAMRF LPQKSCWYTG Mothé et al.,[2002b
C-terminus W FY

Mamu class I DR 1 LIVMAFY Dzuris et al.| 2001

supermotif® 6 LIVMFYSTAQA
9 LIVMEFAQ

Notes:

2 A quantitative algorithm is also available for this allele at http://www.mamu. liai.org/|[Peters et al[2005a].

® The Mamu-A*01 peptide-binding motif requires the presence of two of the three anchor positions for binding.
Peptides can bind using P2/C-terminus or P3/C-terminus anchoring spacing.

¢ Mamu class II DR supermotif is based on data from Mamu-DRB1*0406 and Mamu-DRB*w201 [Dzuris et al.l
2001].
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210 22‘0 230 240 250 260 270 280 290 300
Mane-A*17
90-120-Ia
¥ amu-A*0]

FYKSLRAEQTDAAVKNWMTOTLLIONANP?CKLVLKGLGYNPTLEEMLTACOGVGGPGOKARLMAEALKFALAPVPIPFAAAQORGPRKPIKCWNCGKE?

310 320 330 340 350 360 370 380 390 400

HSARQCRAPﬁROGCWKCGKmDHVMAKCPDﬁQAGFLGLGPWGKKPRNFPMﬁQVHQGLMPTﬁPPEDPAVDL%KNYMOLGKOQREKORESRE%PYKEVTEDLH
410 420 430 440 450 460 470 430 490 500

HLNSLFGGD?
510

Pol SIV Epitope Map

Mamu-A*11

VLELWERGT%CKAMQSPKKTGMLEMWKNGPCYGQMPRQT?GFFRPWSMGKEAPQFPHGS%ASGADANCSPRGPSCGSAKFLHAVGQAAERKAERKQREAH

40 50 60 70 100
Mamu-A*01

QGGDRGFAAEQFSLWRRPVYTAHIEGQPVFVLLDTGADD%IVTGIELGPﬁYTPKIVGGI?GFINTKEYKNVEIEVLGKR}KGTIMTGDTEINIFGRNLLT
110 120 130 150 160 170 180 190 200

ALGMSLNFP$AKVEPVKVA%KPGKDGPKL%QWPLSKEKIYALREICEKMFKDGQLEEAP?TNPYNTPTF%IKKKDKNKWﬁMLIDFRELN%VTQDFTEVOH
210 220 230 240 250 260 270 280 290 300

Mamu-A*02 Mamu-B*17

GIPHPAGLAKRKRITVLDI?DAYFSIPLDEEFRQYTAFT%PSVNNAEPGKRYIYKVLPQ?WKGSPAIFOTTMRHVLEPFRKANPDVTLVQYMDDILIAS?

310 320 330 350 360 370 380 3(‘)0 400

Mamu-B*17,

RTDLEHDRVYLQSKELLNS*GFSTPEEKFOKDPPFOWMGTELWPTKWKL?KIELPORETWTVNDIOKLV?VLNWAAOIYPGIKTKHLCRHIRGKMTLTE%
410 420 430 440 450 460 470 480 490 500

Mamu-A*11

Mamu-A*02 Mamu-A*01

VQWTEMAEA%YEENKIILSOEOEGCYYQE?KPLEATVIK?QDNQWSYKIHQEDKILKVG%FAKIKNTHTNGVRLLAHVIQKIGKEAIVIWGOVPKFHLPY
510 520 540 550 560 570 580 590 600
Mamu-B*17 Mamu-A*01 Mamu-A*01

EKDVWEQWWTDYWQVTWIPFWDFISTPPLYRLVFNLVKDPIEGEETYYT?GSCNKOSKE?KAGYITDRGKDKVKVLEQTTNOQAELEAF%MALTDSGPKA
610 620 660 690 700

Mamu—/}i*()l Mamu-A*07

NIIVDSOYVmGIITGCPTE%ESRLVNQII?EMIKKSEIYYAWVPAHKGI?GNOEIDHLV?QGIRQVLFLFKIEPAQEEH?KYHSNVKELYFKFGLPRIVﬁ
710 720 730 740 750 760 770 780 790 800
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VILLRIVIY$VQMLAKLRQ?YRPVFSSPP%YFOQTHIQO?PALPTREGKFRDGGEGGGN%SWPWOIEYIHFLIRQLIRL%TWLFSNCRTHLSRVYQILOP
710 760 710 780 790 800
Mamu-B*17
Mamu-B*17
ILORLSATLQRIREVLRTE%TYLQYGWSYTHEAVOAVWR%ATETLAGAW?DLWETLRRG?RWILAIPRR}ROGLELTLL
3‘10 820 830 840 850 860 870
Nef SIV Epitope Map
Mamu-B*08 y amu-B*04
Mamu-A*02 Mamu-B*04,
MGGAISMRR?RPSGDLRQR%LRARGETYGRLLGEVEDGY?QSPGGLDKG%SSLSCEGQKTNQGQYMNTPWRNPAEEREK%AYRKONMDD%DEEDDDLVGY
10 40 70 100
DRBw*606
Mamu-B*08 Mamu-B*17,
Mamu-A*11 Mamu-A*02, Mam#;B*W
Mamu-A*02 Mamu-B*03 Mamu-A*02 Mamu-B*17
SVRPKVPLRTMSYKLAIDM?HFIKEKGGLFGIYYSARRHﬁILDIYLEKEFGIIPDWQDYTSGPGIRYPKTFGWLWKLVPYNVSDEAQEDEEHYLMHPAQT
110 120 140 150 190 200
Mamu-B*17 Mamu-B*08
Maw* 17 Mamu-A*02 Mamu-A*02,
SOWDDPWGEYLAWKFDPTLAYTYEAYVRYPEEFGSKSGL?EEEVRRRLTARGLLNMADKKETR
210 220 230 240 250 260

HIV Molecular Immunology 2006/2007

45




SIV Epitopes

I-B-15 References

[Allen et al., 2001] T. M. Allen, B. R. Mothé, J. Sidney, P. Jing, J. L.
Dzuris, M. E. Liebl, T. U. Vogel, D. H. O’Connor, X. Wang, M. C.
Wussow, J. A. Thomson, J. D. Altman, D. I. Watkins, & A. Sette, 2001.
CD8+ lymphocytes from simian immunodeficiency virus-infected rhesus
macaques recognize 14 different epitopes bound by the major histo-
compatibility complex class [ molecule Mamu-A*01: Implications for
vaccine design and testing. J Virol 75(2):738-749. On pp.[30|&[36]

[Allen et al., 2000] T. M. Allen, D. H. O’Connor, P. Jing, J. L. Dzuris,
B. R. Mothé, T. U. Vogel, E. Dunphy, M. E. Liebl, C. Emerson, N. Wilson,
K. J. Kunstman, X. Wang, D. B. Allison, A. L. Hughes, R. C. Desrosiers,
J. D. Altman, S. M. Wolinsky, A. Sette, & D. I. Watkins, 2000. Tat-
specific cytotoxic T lymphocytes select for SIV escape variants during
resolution of primary viraemia. Nature 407(6802):386—390. On pp.
Bll&

[Allen et al., 1998] T. M. Allen, J. Sidney, M.-F. del Guercio, R. L.
Glickman, G. L. Lensmeyer, D. A. Wiebe, R. DeMars, C. D. Pauza, R. P.
Johnson, A. Sette, & D. I. Watkins, 1998. Characterization of the peptide
binding motif of a rhesus MHC class I molecule (Mamu-A*01) that binds
an immunodominant CTL epitope from simian immunodeficiency virus.
J Immunol 160(12):6062—-6071. On pp. &

[Argiiello & Madrigal, 1999] J. R. Argiiello & J. A. Madrigal, 1999.
HLA typing by Reference Strand Mediated Conformation Analysis
(RSCA). Rev Immunogenet 1(2):209-219. On p.

[Argiiello et al., 2003] J. R. Argiiello, M. Pérez-Rodriguez, A. Pay,
G. Fisher, A. McWhinnie, & J. A. Madrigal, 2003. HLA typing with
reference strand-mediated conformation analysis. Methods Mol Biol
210:173-189. On p.[34]

[Baquero et al., 2006] J. E. Baquero, S. Miranda, O. Murillo, H. Ma-
teus, E. Trujillo, C. Suarez, M. E. Patarroyo, & C. Parra-Lépez, 2006.
Reference strand conformational analysis (RSCA) is a valuable tool in
identifying MHC-DRB sequences in three species of Aotus monkeys.
Immunogenetics 58(7):590-597. On p.

[Barouch et al., 2002] D. H. . Barouch, J. Kunstman, M. J. Kuroda,
J. E.. Schmitz, S. Santra, F. W. Peyerl, G. R. Krivulka, K. Beaudry, M. A.
Lifton, D. A. Gorgone, D. C. Montefiori, M. G. Lewis, S. M. Wolinsky, &
N. L. Letvin, 2002. Eventual AIDS vaccine failure in a rhesus monkey by
viral escape from cytotoxic T lymphocytes. Nature 415(6869):335-229.

On pp. B0 & 3T}

[Barouch et al., 2003] D. H. Barouch, J. Kunstman, J. Glowczwskie,
K. J. Kunstman, M. A. Egan, F. W. Peyerl, S. Santra, M. J. Kuroda, J. E.
Schmitz, K. Beaudry, G. R. Krivulka, M. A. Lifton, D. A. Gorgone, S. M.
Wolinsky, & N. L. Letvin, 2003. Viral escape from dominant simian
immunodeficiency virus epitope-specific cytotoxic T lymphocytes in
DNA-vaccinated rhesus monkeys. J Virol 77(13):7367-7375. On p.[31}

[Barouch et al., 2005] D. H. Barouch, J. Powers, D. M. Truitt, M. G.
Kishko, J. C. Arthur, F. W. Peyerl, M. J. Kuroda, D. A. Gorgone, M. A.
Lifton, C. I. Lord, V. M. Hirsch, D. C. Montefiori, A. Carville, K. G.
Mansfield, K. J. Kunstman, S. M. Wolinsky, & N. L. Letvin, 2005.
Dynamic immune responses maintain cytotoxic T lymphocyte epitope
mutations in transmitted simian immunodeficiency virus variants. Nat
Immunol 6(3):247-252. On p.[31]

[Batten et al., 2006] C.J. Batten, R. De Rose, K. M. Wilson, M. B. Agy,
S. Chea, I. Stratov, D. C. Montefiori, & S. J. Kent, 2006. Comparative
evaluation of simian, simian-human, and human immunodeficiency virus
infections in the pigtail macaque (Macaca nemestrina) model. AIDS Res
Hum Retroviruses 22(6):580-588. On pp.[32&[33]

[Bjorkman et al., 1987] P.J. Bjorkman, M. A. Saper, B. Samraoui, W. S.
Bennett, J. L. Strominger, & D. C. Wiley, 1987. The foreign antigen
binding site and T cell recognition regions of class I histocompatibility
antigens. Nature 329(6139):512-518. On p.

46

References

[Bontrop & Watkins, 2005] R. E. Bontrop & D. I. Watkins, 2005. MHC
polymorphism: AIDS susceptibility in non-human primates. Trends
Immunol 26(4):227-233. On pp.[29] B0 & 34]

[Borrow et al., 1994] P. Borrow, H. Lewicki, B. H. Hahn, G. M. Shaw,
& M. B. Oldstone, 1994. Virus-specific CD8+ cytotoxic T-lymphocyte
activity associated with control of viremia in primary human immunode-
ficiency virus type 1 infection. J Virol 68(9):6103-6110. On p.[29]

[Boyson et al., 1996] J. E. Boyson, C. Shufflebotham, L. F. Cadavid,
J. A. Urvater, L. A. Knapp, A. L. Hughes, & D. I. Watkins, 1996. The
MHC class I genes of the rhesus monkey: Different evolutionary histories
of MHC class I and II genes in primates. J Immunol 156(12):4656-4665.

On pp.BT] &[4

[Burdo et al., 2005] T. H. Burdo, M. C. G. Marcondes, C. M. S. Lanigan,
M. C. T. Penedo, & H. S. Fox, 2005. Susceptibility of Chinese rhesus
monkeys to SIV infection. AIDS 19(15):1704-1706. On p.@]

[Carrington & O’Brien, 2003] M. Carrington & S. J. O’Brien, 2003.
The influence of HLA genotype on AIDS. Annu Rev Med 54:535-551.

On pp. 29 &[T}

[Carrington & Wade, 1996] M. Carrington & J. Wade, 1996. Selection
of transplant donors based on MHC microsatellite data. Hum Immunol
51(2):106-109. On p.33]

[Cohen, 2000] J. Cohen, 2000. AIDS research. vaccine studies stymied
by shortage of animals. Science 287(5455):959-960. On p.[30]

[Daza-Vamenta et al., 2004] R. Daza-Vamenta, G. Glusman, L. Rowen,
B. Guthrie, & D. E. Geraghty, 2004. Genetic divergence of the rhesus
macaque major histocompatibility complex. Genome Res 14(8):1501—

1515. On pp.[34 &[33]

[Douek et al., 2002] D. C. Douek, J. M. Brenchley, M. R. Betts, D. R.
Ambrozak, B. J. Hill, Y. Okamoto, J. P. Casazza, J. Kuruppu, K. Kun-
stman, S. Wolinsky, Z. Grossman, M. Dybul, A. Oxenius, D. A. Price,
M. Connors, & R. A. Koup, 2002. HIV preferentially infects HIV-specific
CD4+ T cells. Nature 417(6884):95-98. On p.

[Dzuris et al., 2001] J. L. . Dzuris, J. Sidney, H. Horton, R. Correa,
D. Carter, R. W. Chesnut, D. I. Watkins, & A. Sette, 2001. Molecular
determinants of peptide binding to two common rhesus macaque major
histocompatibility complex class II molecules. J Virol 75(22):10958-

10968. On pp.[32 1] &2}

[Dzuris et al., 2000] J. L. Dzuris, J. Sidney, E. Appella, R. W. Chesnut,
D. I. Watkins, & A. Sette, 2000. Conserved MHC class I peptide binding
motif between humans and rhesus macaques. J Immunol 164(1):283-291.

On pp.[30} 311 7} B8] & A2}

[Egan et al., 1999] M. A. Egan, M. J. Kuroda, G. Voss, J. E. Schmitz,
W. A. Charini, C. I. Lord, M. A. Forman, & N. L. Letvin, 1999. Use
of major histocompatibility complex class I/peptide/beta2M tetramers
to quantitate CD8+ cytotoxic T lymphocytes specific for dominant and
nondominant viral epitopes in simian-human immunodeficiency virus-
infected rhesus monkeys. J Virol 73(7):5466-5472. On pp. 30| &[36]

[Evans et al., 2000] D. T. Evans, P. Jing, T. M. Allen, D. H. O’Connor,
H. Horton, J. E. Venham, M. Piekarczyk, J. Dzuris, M. Dykhuzen,
J. Mitchen, R. A. Rudersdorf, C. D. Pauza, A. Sette, R. E. Bontrop,
R. DeMars, & D. 1. Watkins, 2000. Definition of five new simian immu-
nodeficiency virus cytotoxic T-lymphocyte epitopes and their restricting
major histocompatibility complex class I molecules: Evidence for an
influence on disease progression. J Virol 74(16):7400-7410. On pp.[30}
B7& B8

[Evans ef al., 1999] D. T. Evans, D. H. O’Connor, P. Jing, J. L. Dzuris,

J. Sidney, J. da Silva, T. M. Allen, H. Horton, J. E. Venham, R. A. Ruder-
sdorf, T. Vogel, C. D. Pauza, R. E. Bontrop, R. DeMars, A. Sette, A. L.

HIV Molecular Immunology 2006/2007



References

Hughes, & D. I. Watkins, 1999. Virus-specific cytotoxic T-lymphocyte
responses select for amino-acid variation in simian immunodeficiency
virus Env and Nef. Nat Med 5(11):1270-1276. On pp.[30} B1] B7| & 38]

[Ferguson et al., 2007] B. Ferguson, S. L. Street, H. Wright, C. Pearson,
Y. Jia, S. L. Thompson, P. Allibone, C. J. Dubay, E. Spindel, & R. B.
Norgren, Jr., 2007. Single nucleotide polymorphisms (SNPs) distinguish
Indian-origin and Chinese-origin rhesus macaques (Macaca mulatta).
BMC Genomics 8:43. On pp.[32) &[33]

[Fernandez et al., 2007] C. S. Fernandez, M. Z. Smith, C. J. Batten,
R. De Rose, J. C. Reece, E. Rollman, V. Venturi, M. P. Davenport, & S. J.
Kent, 2007. Vaccine-induced T cells control reversion of AIDS virus
immune escape mutants. J Virol 81(8):4137-4144. On p.[33]

[Fernandez et al., 2005] C. S. Fernandez, I. Stratov, R. De Rose,
K. Walsh, C. J. Dale, M. Z. Smith, M. B. Agy, S.-1. Hu, K. Krebs, D. I.
Watkins, D. H. O’Connor, M. P. Davenport, & S. J. Kent, 2005. Rapid
viral escape at an immunodominant simian-human immunodeficiency
virus cytotoxic T-lymphocyte epitope exacts a dramatic fitness cost. J
Virol 79(9):5721-5731. On pp. 33| &[39}

[Foissac et al., 2001] A. Foissac, M. Fort, J. Clayton, M. Abbal, C. Raf-
foux, A. Moine, J. C. Bensa, J. D. Bignon, P. Mercier, & A. Cambon-
Thomsen, 2001. Microsatellites in the HLA region: HLA prediction and
strategies for bone marrow donor registries. Transplant Proc 33(1-2):491—

492. Onp.[33

[Friedrich et al., 2004a] T. C. Friedrich, E. J. Dodds, L. J. Yant, L. Vo-
jnov, R. Rudersdorf, C. Cullen, D. T. Evans, R. C. Desrosiers, B. R.
Mothé, J. Sidney, A. Sette, K. Kunstman, S. Wolinsky, M. Piatak, J. Lif-
son, A. L. Hughes, N. Wilson, D. H. O’Connor, & D. I. Watkins, 2004a.
Reversion of CTL escape-variant immunodeficiency viruses in vivo. Nat
Med 10(3):275-281. On p.[3T]

[Friedrich et al., 2004b] T. C. Friedrich, C. A. Frye, L. J. Yant, D. H.
O’Connor, N. A. Kriewaldt, M. Benson, L. Vojnov, E. J. Dodds, C. Cullen,
R. Rudersdorf, A. L. Hughes, N. Wilson, & D. I. Watkins, 2004b. Ex-
traepitopic compensatory substitutions partially restore fitness to simian
immunodeficiency virus variants that escape from an immunodominant
cytotoxic-T-lymphocyte response. J Virol 78(5):2581-2585. On pp. [30]
&1

[Furchner et al., 1999] M. Furchner, A. L. Erickson, T. Allen, D. 1.
Watkins, A. Sette, P. R. Johnson, & C. M. Walker, 1999. The simian
immunodeficiency virus envelope glycoprotein contains two epitopes pre-
sented by the Mamu-A*01 class I molecule. J Virol 73(10):8035-8039.

On pp.[30]& 36|

[Garrett et al., 1989] T. P.J. Garrett, M. A. Saper, P. J. Bjorkman, J. L.
Strominger, & D. C. Wiley, 1989. Specificity pockets for the side chains
of peptide antigens in HLA-Aw68. Nature 342(6250):692-696. On p.[31}

[Geretti et al., 1997] A.-M. Geretti, E. G. J. Hulskotte, M. E. M. Dings,
C. A. van Baalen, G. van Amerongen, & A. D. M. E. Osterhaus, 1997.
CD8+ cytotoxic T lymphocytes of a cynomolgus macaque infected with
simian immunodeficiency virus (SIV) mac32H-J5 recognize a nine amino
acid epitope in SIV Gag p26. J Gen Virol 78(4):821-824. On p.

[Gibbs et al., 2007] Rhesus Macaque Genome Sequencing and Analy-
sis Consortium: R. A. Gibbs, J. Rogers, M. G. Katze, R. Bumgarner,
G. M. Weinstock, E. R. Mardis, K. A. Remington, R. L. Strausberg, J. C.
Venter, R. K. Wilson, M. A. Batzer, C. D. Bustamante, E. E. Eichler,
M. W. Hahn, R. C. Hardison, K. D. Makova, W. Miller, A. Milosavlje-
vic, R. E. Palermo, A. Siepel, J. M. Sikela, T. Attaway, S. Bell, K. E.
Bernard, C. J. Buhay, M. N. Chandrabose, M. Dao, C. Davis, K. D.
Delehaunty, Y. Ding, H. H. Dinh, S. Dugan-Rocha, L. A. Fulton, R. A.
Gabisi, T. T. Garner, J. Godfrey, A. C. Hawes, J. Hernandez, S. Hines,
M. Holder, J. Hume, S. N. Jhangiani, V. Joshi, Z. M. Khan, E. F. Kirkness,
A. Cree, R. G. Fowler, S. Lee, L. R. Lewis, Z. Li, Y.-s. Liu, S. M. Moore,
D. Muzny, L. V. Nazareth, D. N. Ngo, G. O. Okwuonu, G. Pai, D. Parker,

HIV Molecular Immunology 2006/2007

SIV Epitopes

H. A. Paul, C. Pfannkoch, C. S. Pohl, Y.-H. Rogers, S. J. Ruiz, A. Sabo,
J. Santibanez, B. W. Schneider, S. M. Smith, E. Sodergren, A. F. Svatek,
T. R. Utterback, S. Vattathil, W. Warren, C. S. White, A. T. Chinwalla,
Y. Feng, A. L. Halpern, L. W. Hillier, X. Huang, P. Minx, J. O. Nelson,
K. H. Pepin, X. Qin, G. G. Sutton, E. Venter, B. P. Walenz, J. W. Wallis,
K. C. Worley, S.-P. Yang, S. M. Jones, M. A. Marra, M. Rocchi, J. E.
Schein, R. Baertsch, L. Clarke, M. Csiirds, J. Glasscock, R. A. Harris,
P. Havlak, A. R. Jackson, H. Jiang, Y. Liu, D. N. Messina, Y. Shen,
H. X.-Z. Song, T. Wylie, L. Zhang, E. Birney, K. Han, M. K. Konkel,
J. Lee, A. F. A. Smit, B. Ullmer, H. Wang, J. Xing, R. Burhans, Z. Cheng,
J. E. Karro, J. Ma, B. Raney, X. She, M. J. Cox, J. P. Demuth, L. J.
Dumas, S.-G. Han, J. Hopkins, A. Karimpour-Fard, Y. H. Kim, J. R. Pol-
lack, T. Vinar, C. Addo-Quaye, J. Degenhardt, A. Denby, M. J. Hubisz,
A. Indap, C. Kosiol, B. T. Lahn, H. A. Lawson, A. Marklein, R. Nielsen,
E. J. Vallender, A. G. Clark, B. Ferguson, R. D. Hernandez, K. Hirani,
H. Kehrer-Sawatzki, J. Kolb, S. Patil, L.-L. Pu, Y. Ren, D. G. Smith, D. A.
Wheeler, I. Schenck, E. V. Ball, R. Chen, D. N. Cooper, B. Giardine,
F. Hsu, W. J. Kent, A. Lesk, D. L. Nelson, W. E. O’Brien, K. Priifer, P. D.
Stenson, J. C. Wallace, H. Ke, X.-M. Liu, P. Wang, A. P. Xiang, F. Yang,
G. P. Barber, D. Haussler, D. Karolchik, A. D. Kern, R. M. Kuhn, K. E.
Smith, & A. S. Zwieg, 2007. Evolutionary and biomedical insights from
the rhesus macaque genome. Science 316(5822):222-234. On p.

[Giraldo-Vela et al., 2007] Giraldo-Vela et al., 2007. manuscript sub-
mitted. On p.[T]

[Gourraud et al., 2004] P. A. Gourraud, S. Mano, T. Barnetche, M. Car-
rington, H. Inoko, & A. Cambon-Thomsen, 2004. Integration of mi-
crosatellite characteristics in the MHC region: A literature and sequence
based analysis. Tissue Antigens 64(5):543-555. On p.

[Hernandez et al., 2007] R. D. Hernandez, M. J. Hubisz, D. A. Wheeler,
D. G. Smith, B. Ferguson, J. Rogers, L. Nazareth, A. Indap, T. Bourquin,
J. McPherson, D. Muzny, R. Gibbs, R. Nielsen, & C. D. Bustamante,
2007. Demographic histories and patterns of linkage disequilibrium in
Chinese and Indian rhesus macaques. Science 316(5822):240-243. On

pp-B2&B3

[Horton et al., 2001] H. Horton, W. Rehrauer, E. C. Meek, M. A. Shultz,
M. S. Piekarczyk, P. Jing, D. K. Carter, S. R. Steffen, B. Calore, J. A.
Urvater, T. U. Vogel, N. A. Wilson, & D. I. Watkins, 2001. A com-
mon rhesus macaque MHC class I molecule which binds a cytotoxic
T-lymphocyte epitope in Nef of simian immunodeficiency virus. Im-
munogenetics 53(5):423-426. On pp.[30] 34] & [38]

[Kaizu et al., 2007] M. Kaizu, G. J. Borchardt, C. E. Glidden, D. L. Fisk,
J. T. Loffredo, D. I. Watkins, & W. M. Rehrauer, 2007. Molecular typing
of major histocompatibility complex class i alleles in the Indian rhesus
macaque which restricts SIV CD8+ T cell epitopes. Immunogenetics In

press. On pp. 30} B1] & [34]

[Kanthaswamy et al., 2006] S. Kanthaswamy, A. von Dollen, J. D. Ku-
rushima, O. Alminas, J. Rogers, B. Ferguson, N. W. Lerche, P. C. Allen,
& D. G. Smith, 2006. Microsatellite markers for standardized genetic
management of captive colonies of rhesus macaques (Macaca mulatta).
Am J Primatol 68(1):73-95. On p.[33]

[Kawada et al., 2006] M. Kawada, H. Igarashi, A. Takeda,
T. Tsukamoto, H. Yamamoto, S. Dohki, M. Takiguchi, & T. Matano,
2006. Involvement of multiple epitope-specific cytotoxic T-lymphocyte
responses in vaccine-based control of simian immunodeficiency virus
replication in rhesus macaques. J Virol 80(4):1949-1958. On pp. 33| 3§]
&[B9

[Kawada et al., 2007] M. Kawada, T. Tsukamoto, H. Yamamoto,
A. Takeda, H. Igarashi, D. I. Watkins, & T. Matano, 2007. Long-term
control of simian immunodeficiency virus replication with central mem-
ory CD4+ T-cell preservation after nonsterile protection by a cytotoxic
T-lymphocyte-based vaccine. J Virol 81(10):5202-5211. On p.[33]

47




SIV Epitopes

[Kennedy et al., 2005] L. J. Kennedy, S. Quarmby, N. Fretwell, A. J.
Martin, P. G. Jones, C. A. Jones, & W. E. R. Ollier, 2005. High-resolution
characterization of the canine DLA-DRB1 locus using reference strand-
mediated conformational analysis. J Hered 96(7):836-842. On p.

[Knapp et al., 1997] L. A. Knapp, E. Lehmann, M. S. Piekarczyk, J. A.
Urvater, & D. I. Watkins, 1997. A high frequency of Mamu-A*01 in the
rhesus macaque detected by polymerase chain reaction with sequence-
specific primers and direct sequencing. Tissue Antigens 50(6):657-661.

On pp.[291 B0 & B4

[Kobayashi et al., 2005] M. Kobayashi, H. Igarashi, A. Takeda, M. Kato,
& T. Matano, 2005. Reversion in vivo after inoculation of a molecular
proviral DNA clone of simian immunodeficiency virus with a cytotoxic-
T-lymphocyte escape mutation. J Virol 79(17):11529-11532. On p.[33]

[Koup et al., 1994] R. A. Koup, J. T. Safrit, Y. Cao, C. A. Andrews,
G. McLeod, W. Borkowsky, C. Farthing, & D. D. Ho, 1994. Tempo-
ral association of cellular immune responses with the initial control of
viremia in primary human immunodeficiency virus type 1 syndrome. J
Virol 68(7):4650—4655. On p.29

[Krebs et al., 2005] K. C. Krebs, Z. Jin, R. Rudersdorf, A. L. Hughes, &
D. H. O’Connor, 2005. Unusually high frequency MHC class I alleles in
Mauritian origin cynomolgus macaques. J Immunol 175(8):5230-5239.

On pp. (3 B4 & 3

[Kulski et al., 2004] J. K. Kulski, T. Anzai, T. Shiina, & H. Inoko, 2004.
Rhesus macaque class I duplicon structures, organization, and evolution
within the alpha block of the major histocompatibility complex. Mol Biol
Evol 21(11):2079-2091. On p.[34]

[Kuo et al., 2005] A. M. Kuo, J. S. Haukoos, M. D. Witt, M. L. Babaie,
& R. J. Lewis, 2005. Recognition of undiagnosed HIV infection: An
evaluation of missed opportunities in a predominantly urban minority
population. AIDS Patient Care STDs 19(4):239-246. On p.[29]

[Kuroda et al., 1998] M. J. Kuroda, J. E. Schmitz, D. H. Barouch,
A. Craiu, T. M. Allen, A. Sette, D. I. Watkins, M. A. Forman, & N. L.
Letvin, 1998. Analysis of Gag-specific cytotoxic T lymphocytes in simian
immunodeficiency virus-infected rhesus monkeys by cell staining with a
tetrameric major histocompatibility complex class I-peptide complex. J
Exp Med 187(9):1373-1381. On p.[30}

[Kuroda et al., 1999] M. J. Kuroda, J. E. Schmitz, W. A. Charini, C. E.
Nickerson, M. A. Lifton, C. I. Lord, M. A. Forman, & N. L. Letvin, 1999.
Emergence of CTL coincides with clearance of virus during primary
simian immunodeficiency virus infection in rhesus monkeys. J Immunol
162(9):5127-5133. On p.

[Kuroda et al., 2000] M. J. Kuroda, J. E. Schmitz, C. Lekutis, C. E.
Nickerson, M. A. Lifton, G. Franchini, J. M. Harouse, C. Cheng-Mayer,
& N. L. Letvin, 2000. Human immunodeficiency virus type 1 enve-
lope epitope-specific CD4+ T lymphocytes in simian/human immuno-
deficiency virus-infected and vaccinated rhesus monkeys detected using
a peptide-major histocompatibility complex class II tetramer. J Virol
74(18):8751-8756. On p.[32

[Lafont er al., 2003] B. A. P. Lafont, A. Buckler-White, R. Plishka,
C. Buckler, & M. A. Martin, 2003. Characterization of pig-tailed macaque
classical MHC class I genes: Implications for MHC evolution and antigen
presentation in macaques. J Immunol 171(2):875-885. On p.[33]

[Lawler et al., 1995] S. H. Lawler, R. W. Sussman, & L. L. Taylor, 1995.
Mitochondrial DNA of the Mauritian macaques (Macaca fascicularis):
An example of the founder effect. Am J Phys Anthropol 96(2):133-141.

Onp.34]

[Lekutis & Letvin, 1997] C. Lekutis & N. L. Letvin, 1997. HIV-1
envelope-specific CD4+ T helper cells from simian/human immuno-
deficiency virus-infected rhesus monkeys recognize epitopes restricted
by MHC class II DRB1¥0406 and DRB*W201 molecules. J Immunol
159(4):2049-2057. On pp.[32] &[]

48

References

[Lekutis et al., 1997] C. Lekutis, J. W. Shiver, M. A. Liu, & N. L. Letvin,
1997. HIV-1 env DNA vaccine administered to rthesus monkeys elicits
MHC class II-restricted CD4+ T helper cells that secrete IFN-gamma
and TNF-alpha. J Immunol 158(9):4471-4477. On pp.[32| & (1]

[Ling et al., 2002] B. Ling, R. S. Veazey, A. Luckay, C. Penedo, K. Xu,
J. D. Lifson, & P. A. Marx, 2002. SIVmac pathogenesis in rhesus
macaques of Chinese and Indian origin compared with primary HIV
infections in humans. AIDS 16(11):1489-1496. On p.

[Loffredo et al., 2007a] J. T. Loffredo, B. J. Burwitz, E. G. Rakasz, S. P.
Spencer, J. J. Stephany, J. P. G. Vela, S. R. Martin, J. Reed, S. M. Pi-
askowski, J. Furlott, K. L. Weisgrau, D. S. Rodrigues, T. Soma, G. Napoé,
T. C. Friedrich, N. A. Wilson, E. G. Kallas, & D. I. Watkins, 2007a. The
antiviral efficacy of simian immunodeficiency virus-specific CD8+ T
cells is unrelated to epitope specificity and is abrogated by viral escape.
J Virol 81(6):2624-2634. On pp.[30|&31]

[Loffredo et al., 2007b] J. T. Loffredo, J. Maxwell, Y. Qi, C. E. Glid-
den, G. J. Borchardt, T. Soma, A. T. Bean, D. R. Beal, N. A. Wilson,
W. M. Rehrauer, J. D. Lifson, M. Carrington, & D. I. Watkins, 2007b.
Mamu-B*08-positive macaques control simian immunodeficiency virus

replication. J Virol pp. JV1.00895-07. On pp.[291 30| B1] & 32

[Loffredo et al., 2005] J. T. Loffredo, J. Sidney, S. Piaskowski, A. Szy-
manski, J. Furlott, R. Rudersdorf, J. Reed, B. Peters, H. D. Hickman-
Miller, W. Bardet, W. M. Rehrauer, D. H. O’Connor, N. A. Wilson, W. H.
Hildebrand, A. Sette, & D. I. Watkins, 2005. The high frequency Indian
rhesus macaque MHC class I molecule, Mamu-B*01, does not appear to
be involved in CD8+ T lymphocyte responses to SIVmac239. J Immunol

175(9):5986-5997. On pp. 30,34 & B2}

[Loffredo et al., 2004] J. T. Loffredo, J. Sidney, C. Wojewoda, E. Dodds,
M. R. Reynolds, G. Napoé, B. R. Mothé, D. H. O’Connor, N. A. Wilson,
D. I. Watkins, & A. Sette, 2004. Identification of seventeen new simian
immunodeficiency virus-derived CD8+ T cell epitopes restricted by the
high frequency molecule, Mamu-A*02, and potential escape from CTL
recognition. J Immunol 173(8):5064-5076. On pp.[30| B1] 37| & 2]

[Loffredo et al., 2007c] J. T. Loffredo et al., 2007c. manuscript submit-
ted. On pp.[31] 38| & F2

[Loh et al., 2007] L. Loh, C.J. Batten, J. Petravic, M. P. Davenport, &
S.J. Kent, 2007. In vivo fitness costs of different Gag CD8 T-cell escape
mutant simian-human immunodeficiency viruses for macaques. J Virol
81(10):5418-5422. On pp.[33|&[39]

[Lun et al., 2004] W.-H. Lun, A. Takeda, H. Nakamura, M. Kano,
K. Mori, T. Sata, Y. Nagai, & T. Matano, 2004. Loss of virus-specific
CD4+ T cells with increases in viral loads in the chronic phase after
vaccine-based partial control of primary simian immunodeficiency virus
replication in macaques. J Gen Virol 85:1955-1963. On p.

[Malhi et al., 2007] R. S. Malhi, B. Sickler, D. Lin, J. Satkoski, R. Y.
Tito, D. George, S. Kanthaswamy, & D. G. Smith, 2007. MamuSNP: A
resource for rhesus macaque (Macaca mulatta) genomics. PLoS ONE

2:¢438. On pp. 32 &[33

[Mao et al., 2005] H. Mao, B. A. P. Lafont, T. Igarashi, Y. Nishimura,
C. Brown, V. Hirsch, A. Buckler-White, R. Sadjadpour, & M. A. Martin,
2005. CD8+ and CD20+ lymphocytes cooperate to control acute simian
immunodeficiency virus/human immunodeficiency virus chimeric virus
infections in rhesus monkeys: Modulation by major histocompatibility
complex genotype. J Virol 79(23):14887-14898. On p.[29

[Marsh et al., 2000] S. G. E. Marsh, P. Parham, & L. D. Barber, 2000.
The HLA FactsBook. Academic Press, San Diego. On p.[31}

[Matano et al., 2004] T. Matano, M. Kobayashi, H. Igarashi, A. Takeda,

H. Nakamura, M. Kano, C. Sugimoto, K. Mori, A. Iida, T. Hirata,
M. Hasegawa, T. Yuasa, M. Miyazawa, Y. Takahashi, M. Yasunami,

HIV Molecular Immunology 2006/2007



References

A. Kimura, D. H. O’Connor, D. I. Watkins, & Y. Nagai, 2004. Cytotoxic
T lymphocyte-based control of simian immunodeficiency virus replica-
tion in a preclinical AIDS vaccine trial. J Exp Med 199(12):1709-1718.

On pp.[331 B8 &9

[Mayben et al., 2007] J. K. Mayben, J. R. Kramer, M. A. Kallen,
L. Franzini, D. R. Lairson, & T. P. Giordano, 2007. Predictors of delayed
HIV diagnosis in a recently diagnosed cohort. AIDS Patient Care STDs
21(3):195-204. On p.[29

[McMichael & Rowland-Jones, 2001] A. J. McMichael & S. L.
Rowland-Jones, 2001. Cellular immune responses to HIV. Nature
410(6831):980-987. On p.[29]

[Migueles et al., 2000] S. A. Migueles, M. S. Sabbaghian, W. L. Shu-
pert, M. P. Bettinotti, F. M. Marincola, L. Martino, C. W. Hallahan, S. M.
Selig, D. Schwartz, J. Sullivan, & M. Connors, 2000. HLA B*5701
is highly associated with restriction of virus replication in a subgroup
of HIV-infected long term nonprogressors. Proc Natl Acad Sci USA
97(6):2709-2714. On p.[31]

[Mills et al., 1991] K. H. G. Mills, A. L. Barnard, M. Williams, M. Page,
C. Ling, E. J. Stott, P. Silvera, F. Taffs, A. S. Kingsman, S. E. Adams,
N. Almond, K. P. A., & W. C. Jones, 1991. Vaccine-induced CD4+ T cells
against the simian immunodeficiency virus gag protein: Epitope specific-
ity and relevance to protective immunity. J Immunol 147(10):3560-3567.

Onp.2

[Morales & Melnick, 1998] J. C. Morales & D. J. Melnick, 1998. Phy-
logenetic relationships of the macaques (Cercopithecidae: Macaca), as
revealed by high resolution restriction site mapping of mitochondrial
ribosomal genes. J Hum Evol 34(1):1-23. On p.[32

[Mothé et al., 2002a] B. R. Mothé, H. Horton, D. K. Carter, T. M.
Allen, M. E. Liebl, P. Skinner, T. U. Vogel, S. Fuenger, K. Vielhuber,
W. Rehrauer, N. Wilson, G. Franchini, J. D. Altman, A. Haase, L. J.
Picker, D. B. Allison, & D. I. Watkins, 2002a. Dominance of CD8 re-
sponses specific for epitopes bound by a single major histocompatibility
complex class I molecule during the acute phase of viral infection. J
Virol 76(2):875-884. On p.[30]

[Mothé er al., 2002b] B. R. Mothé, J. Sidney, J. L. Dzuris, M. E. Liebl,
S. Fuenger, D. I. Watkins, & A. Sette, 2002b. Characterization of the
peptide-binding specificity of Mamu-B*17 and identification of Mamu-
B*17-restricted epitopes derived from simian immunodeficiency virus
proteins. J Immunol 169(1):210-219. On pp.[30} 1] B8] & [£2}

[Miihl et al., 2002] T. Miihl, M. Krawczak, P. ten Haaft, G. Hunsmann,
& U. Sauermann, 2002. MHC class I alleles influence set-point viral
load and survival time in simian immunodeficiency virus-infected rhesus
monkeys. J Immunol 169(6):3438-3446. On pp.[29) & 30]

[Negri et al., 2006] D. R. M. Negri, M. Borghi, S. Baroncelli, I. Mac-
chia, V. Buffa, L. Sernicola, P. Leone, F. Titti, & A. Cara, 2006. Iden-
tification of a cytotoxic T-lymphocyte (CTL) epitope recognized by
Gag-specific CTLs in cynomolgus monkeys infected with simian/human
immunodeficiency virus. J Gen Virol 87(11):3385-3392. On p.

[O’Connor et al., 2002a] D. H. O’Connor, T. M. Allen, T. U. Vogel,
P. Jing, I. P. DeSouza, E. Dodds, E. J. Dunphy, C. Melsaether, B. Mothé,
H. Yamamoto, H. Horton, N. Wilson, A. L. Hughes, & D. I. Watkins,
2002a. Acute phase cytotoxic T lymphocyte escape is a hallmark of
simian immunodeficiency virus infection. Nat Med 8(5):493-499. On

pp-BO&[T]

[O’Connor et al., 2002b] D. H. O’Connor, T. M. Allen, & D. 1. Watkins,
2002b. Where have all the monkeys gone? evaluating SIV-specific
CTL in the post Mamu-A*01 era. In B. Korber, C. Brander, B. Haynes,
R. Koup, C. Kuiken, J. P. Moore, B. D. Walker, & D. I. Watkins, eds., HIV
Molecular Immunology 2001, pp. I-26-1-39. Los Alamos National Lab-
oratory, Theoretical Biology & Biophysics, Los Alamos, New Mexico.
LA-UR 02-4663. On p.[30]

HIV Molecular Immunology 2006/2007

SIV Epitopes

[O’Connor et al., 2004] D. H. O’Connor, A. B. McDermott, K. C.
Krebs, E. J. Dodds, J. E. Miller, E. J. Gonzalez, T. J. Jacoby, L. Yant, H. Pi-
ontkivska, R. Pantophlet, D. R. Burton, W. M. Rehrauer, N. Wilson, A. L.
Hughes, & D. I. Watkins, 2004. A dominant role for CD8+-T-lymphocyte
selection in simian immunodeficiency virus sequence variation. J Virol

78(24):14012-14022. On pp. 30} 1] & 36}

[O’Connor et al., 2007] S. L. O’Connor, A. J. Blasky, C. J. Pendley,
E. A. Becker, R. W. Wiseman, J. A. Karl, A. L. Hughes, & D. H.
O’Connor, 2007. Comprehensive characterization of MHC class II hap-
lotypes in Mauritian cynomolgus macaques. Immunogenetics 59(6):449—
462. On p.34]

[Olerup & Zetterquist, 1991] O. Olerup & H. Zetterquist, 1991. HLA-
DRB1*01 subtyping by allele-specific PCR amplification: A sensitive,
specific and rapid technique. Tissue Antigens 37(5):197-204. On p.[34]

[Olerup & Zetterquist, 1992] O. Olerup & H. Zetterquist, 1992. HLA-
DR typing by PCR amplification with sequence-specific primers (PCR-
SSP) in 2 hours: An alternative to serological DR typing in clinical
practice including donor-recipient matching in cadaveric transplantation.
Tissue Antigens 39(5):225-235. On p.

[Otting et al., 2005] N. Otting, C. M. C. Heijmans, R. C. Noort, N. G.
de Groot, G. G. M. Doxiadis, J. J. van Rood, D. I. Watkins, & R. E.
Bontrop, 2005. Unparalleled complexity of the MHC class I region in
rhesus macaques. Proc Natl Acad Sci USA 102(5):1626-1631. On p.

[Pal et al., 2002] R. Pal, D. Venzon, N. L. Letvin, S. Santra, D. C.
Montefiori, N. R. Miller, E. Tryniszewska, M. G. Lewis, T. C. Van-
Cott, V. Hirsch, R. Woodward, A. Gibson, M. Grace, E. Dobratz, P. D.
Markham, Z. Hel, J. Nacsa, M. Klein, J. Tartaglia, & G. Franchini, 2002.
ALVAC-SIV-gag-pol-env-based vaccination and macaque major histo-
compatibility complex class I (A*01) delay simian immunodeficiency
virus SIVmac-induced immunodeficiency. J Virol 76(1):292-302. On

pp-[29 &30}

[Penedo et al., 2005] M. C. T. Penedo, R. E. Bontrop, C. M. C. Hei-
jmans, N. Otting, R. Noort, A. J. M. Rouweler, N. de Groot, N. G.
de Groot, T. Ward, & G. G. M. Doxiadis, 2005. Microsatellite typing of
the rhesus macaque MHC region. Immunogenetics 57(3-4):198-209. On

pp-B4&B3

[Pereyra et al., 2007] F. Pereyra, T. Miura, H. Chen, R. Rosenberg,
P. Padilla, B. Baker, A. Rothschild, B. Block, A. Trocha, , & B. D.
Walker, 2007. Elite control of HIV infection: Implications for vaccine
design. In HIV Vaccines: From Basic Research to Clinical Trials (X7).
Keystone Symposia, Whistler Resort, Whistler, British Columbia. On

-3

[Peters et al., 2005a] B. Peters, H.-H. Bui, J. Sidney, Z. Weng, J. T.
Loffredo, D. I. Watkins, B. R. Mothé, & A. Sette, 2005a. A computational
resource for the prediction of peptide binding to Indian rhesus macaque
MHC class I molecules. Vaccine 23(45):5212-5224. On pp.[30| & [A2]

[Peters et al., 2005b] B. Peters, J. Sidney, P. Bourne, H.-H. Bui, S. Buus,
G. Doh, W. Fleri, M. Kronenberg, R. Kubo, O. Lund, D. Nemazee, J. V.
Ponomarenko, M. Sathiamurthy, S. Schoenberger, S. Stewart, P. Surko,
S. Way, S. Wilson, & A. Sette, 2005b. The immune epitope database
and analysis resource: From vision to blueprint. PLoS Biol 3(3):e91. On

p-BT}

[Peyerl et al., 2003] F. W. Peyerl, D. H. Barouch, W. W. Yeh, H. S.
Bazick, J. Kunstman, K. J. Kunstman, S. M. Wolinsky, & N. L. Letvin,
2003. Simian-human immunodeficiency virus escape from cytotoxic
T-lymphocyte recognition at a structurally constrained epitope. J Virol
77(23):12572-12578. On pp. 30| & B1]

[Pratt et al., 2006] B. F. Pratt, D. H. O’Connor, B. A. P. Lafont, J. L.
Mankowski, C. S. Fernandez, R. Triastuti, A. G. Brooks, S. J. Kent, &
M. Z. Smith, 2006. MHC class I allele frequencies in pigtail macaques of
diverse origin. Immunogenetics 58(12):995-1001. On pp.[33] B3] &[39]

49




SIV Epitopes

[Rammensee et al., 1999] H.-G. Rammensee, J. Bachmann, N. P. N.
Emmerich, O. A. Bachor, & S. Stevanovié, 1999. SYFPEITHI: Database
for MHC ligands and peptide motifs. Immunogenetics 50(3-4):213-219.

On p.BT]

[Reimann et al., 2005] K. A. Reimann, R. A. Parker, M. S. Seaman,
K. Beaudry, M. Beddall, L. Peterson, K. C. Williams, R. S. Veazey,
D. C. Montefiori, J. R. Mascola, G. J. Nabel, & N. L. Letvin, 2005.
Pathogenicity of simian-human immunodeficiency virus SHIV-89.6P and
SIVmac is attenuated in cynomolgus macaques and associated with early
T-lymphocyte responses. J Virol 79(14):8878-8885. On pp.[32]&[33]

[Reimann et al., 1994] K. A. Reimann, K. Tenner-Racz, P. Racz, D. C.
Montefiori, Y. Yasutomi, W. Lin, B. J. Ransil, & N. L. Letvin, 1994.
Immunopathogenic events in acute infection of rhesus monkeys with
simian immunodeficiency virus of macaques. J Virol 68(4):2362-2370.

On p.[29]

[Robinson et al., 2001] S. Robinson, W. A. Charini, M. H. . Newberg,
M. J. Kuroda, C. I. Lord, & N. L. Letvin, 2001. A commonly recog-
nized simian immunodeficiency virus Nef epitope presented to cyto-
toxic T lymphocytes of Indian-origin rhesus monkeys by the prevalent
major histocompatibility complex class I allele Mamu-A*02. J Virol

75(21):10179-10186. On pp.&
[Sacha et al., 2007] Sacha et al., 2007. manuscript submitted. On p.

[Sarkar et al., 2002] S. Sarkar, V. Kalia, M. Murphey-Corb, & R. C.
Montelaro, 2002. Detailed analysis of CD4+ Th responses to Envelope
and Gag proteins of simian immunodeficiency virus reveals an exclusion
of broadly reactive Th epitopes from the glycosylated regions of envelope.
J Immunol 168(8):4001-4011. On p.[32}

[Schramm et al., 2001] R. D. Schramm, A. M. Paprocki, & D. L
Watkins, 2001. Birth of MHC-defined rhesus monkeys produced by
assisted reproductive technology. Vaccine 20(3-4):603-607. On p.[34]

[Sette et al., 2005] A. Sette, J. Sidney, H.-H. Bui, M.-F. del Guercio,
J. Alexander, J. Loffredo, D. I. Watkins, & B. R. Mothé, 2005. Character-
ization of the peptide-binding specificity of Mamu-A*11 results in the
identification of SIV-derived epitopes and interspecies cross-reactivity.
Immunogenetics 57(1-2):53-68. On pp. &[2

[Sidney et al., 2000] J. Sidney, J. L. Dzuris, M. J. Newman, R. P. John-
son, K. Amitinder, C. M. Walker, E. Appella, B. Mothe, D. I. Watkins, &
A. Sette, 2000. Definition of the Mamu A*01 peptide binding specific-
ity: Application to the identification of wild-type and optimized ligands
from simian immunodeficiency virus regulatory proteins. J Immunol
165(11):6387-3699. On p.[2}

[Smith & McDonough, 2005] D. G. Smith & J. McDonough, 2005. Mi-
tochondrial DNA variation in Chinese and Indian rhesus macaques
(Macaca mulatta). Am J Primatol 65(1):1-25. On p. @

[Smith et al., 2005a] M. Z. Smith, C. J. Dale, R. De Rose, I. Stratov,
C. S. Fernandez, A. G. Brooks, J. Weinfurter, K. Krebs, C. Riek, D. I.
Watkins, D. H. O’connor, & S. J. Kent, 2005a. Analysis of pigtail
macaque major histocompatibility complex class I molecules present-
ing immunodominant simian immunodeficiency virus epitopes. J Virol

79(2):684-695. On pp. &

[Smith et al., 2005b] M. Z. Smith, C. S. Fernandez, A. Chung, C. J.
Dale, R. De Rose, J. Lin, A. G. Brooks, K. C. Krebs, D. I. Watkins,
D. H. O’Connor, M. P. Davenport, & S. J. Kent, 2005b. The pigtail
macaque MHC class I allele Mane-A*10 presents an immundominant
SIV Gag epitope: Identification, tetramer development and implications
of immune escape and reversion. J Med Primatol 34(5-6):282-293. On

pp- B3B3 &9

50

References

[Suetal., 2005] J. Su, M. A. Luscher, Y. Xiong, T. Rustam, R. R.
Amara, E. Rakasz, H. L. Robinson, & K. S. MacDonald, 2005. Novel
simian immunodeficiency virus CTL epitopes restricted by MHC class I
molecule Mamu-B*01 are highly conserved for long term in DNA/MVA-
vaccinated, SHIV-challenged rhesus macaques. Int Immunol 17(5):637—

648. On pp.[30]&[34]

[Tanaka-Takahashi ef al., 2007] Y. Tanaka-Takahashi, M. Yasunami,
T. Naruse, K. Hinohara, T. Matano, K. Mori, M. Miyazawa, M. Honda,
Y. Yasutomi, Y. Nagai, & A. Kimura, 2007. Reference strand-mediated
conformation analysis-based typing of multiple alleles in the rhesus
macaque MHC class I Mamu-A and Mamu-B loci. Electrophoresis
28(6):918-924. On p.33]

[Trichel et al., 2002] A. M. Trichel, P. A. Rajakumar, & M. Murphey-
Corb, 2002. Species-specific variation in SIV disease progression be-

tween Chinese and Indian subspecies of rhesus macaque. J Med Primatol
31(4-5):171-178. On p.[33

[Valentine et al., 2007] Valentine et al., 2007. manuscript submitted.

On p.[31]

[Vogel et al., 2002a] T. U. Vogel, T. C. Friedrich, D. H. O’Connor,
W. Rehrauer, E. J. Dodds, H. Hickman, W. Hildebrand, J. Sidney, A. Sette,
A. Hughes, H. Horton, K. Vielhuber, R. Rudersdorf, I. P. de Souza, M. R.
Reynolds, T. M. Allen, N. Wilson, & D. I. Watkins, 2002a. Escape in one
of two cytotoxic T-lymphocyte epitopes bound by a high-frequency major
histocompatibility complex class I molecule, Mamu-A*02: A paradigm
for virus evolution and persistence? J Virol 76(22):11623-11636. On

pp-BO BT} B4 & 37

[Vogel et al., 2002b] T. U. Vogel, H. Horton, D. H. Fuller, D. K. Carter,
K. Vielhuber, D. H. O’Connor, T. Shipley, J. Fuller, G. Sutter, V. Erfle,
N. Wilson, L. J. Picker, & D. I. Watkins, 2002b. Differences between
T cell epitopes recognized after immunization and after infection. J
Immunol 169(8):4511-4521. On p.[32)

[Voss & Letvin, 1996] G. Voss & N. L. Letvin, 1996. Definition of
human immunodeficiency virus type 1 gp120 and gp41 cytotoxic T-
lymphocyte epitopes and their restricting major histocompatibility com-
plex class I alleles in simian-human immunodeficiency virus-infected
rhesus monkeys. J Virol 70(10):7335-7340. On pp.[37] &[38]

[Watanabe et al., 1994] N. Watanabe, S. N. McAdam, J. E. Boyson,
M. S. Piekarczyk, Y. Yasutomi, D. I. Watkins, & N. L. Letvin, 1994. A
simian immunodeficiency virus envelope V3 cytotoxic T-lymphocyte
epitope in rhesus monkeys and its restricting major histocompatibility
complex class I molecule Mamu-A*02. J Virol 68(10):6690-6696. On

pp-BO &[T

[Weintrob et al., 2003] A. C. Weintrob, J. Giner, P. Menezes, E. Patrick,
D. K. Benjamin, Jr., J. Lennox, C. D. Pilcher, J. J. Eron, & C. B. Hicks,
2003. Infrequent diagnosis of primary human immunodeficiency virus
infection: Missed opportunities in acute care settings. Arch Intern Med
163(17):2097-2100. On p.[29]

[Wiseman et al., 2007] R. W. Wiseman, J. A. Wojcechowskyj, J. M.
Greene, A. J. Blasky, T. Gopon, T. Soma, T. C. Friedrich, S. L. O’Connor,
& D. H. O’Connor, 2007. Simian immunodeficiency virus SIVmac239
infection of major histocompatibility complex-identical cynomolgus
macaques from Mauritius. J Virol 81(1):349-361. On pp.[34 & [33]

[Wojcechowskyj et al., 2007] J. A. Wojcechowskyj, L. J. Yant, R. W.
Wiseman, S. L. O’Connor, & D. H. O’Connor, 2007. Control of simian
immunodeficiency virus SIVmac239 is not predicted by inheritance of
Mamu-B*17-containing haplotypes. J Virol 81(1):406-410. On p.[33]

[Yamamoto et al., 2007] H. Yamamoto, M. Kawada, A. Takeda,
H. Igarashi, & T. Matano, 2007. Post-infection immunodeficiency virus
control by neutralizing antibodies. PLoS ONE 2(6):e540. On p.[32

HIV Molecular Immunology 2006/2007



References

[Yant et al., 2006] L.J. Yant, T. C. Friedrich, R. C. Johnson, G. E. May,
N. J. Maness, A. M. Enz, J. D. Lifson, D. H. O’Connor, M. Carrington,
& D. I. Watkins, 2006. The high-frequency major histocompatibility
complex class I allele Mamu-B*17 is associated with control of simian
immunodeficiency virus SIVmac239 replication. J Virol 80(10):5074—

5077. On pp. 29 B0l B1] & [32)

[Yasutomi et al., 1995] Y. Yasutomi, S. N. McAdam, J. E. Boyson, M. S.
Piekarczyk, D. I. Watkins, & N. L. Letvin, 1995. A MHC class I B locus
allele-restricted simian immunodeficiency virus envelope CTL epitope in
rhesus monkeys. J Immunol 154(5):2516-2522. On p.[30}

[Yasutomi et al., 1993] Y. Yasutomi, K. A. Reimann, C. I. Lord, M. D.
Miller, & N. L. Letvin, 1993. Simian immunodeficiency virus-specific
CD8+ lymphocyte response in acutely infected rhesus monkeys. J Virol
67(3):1707-1711. On p.

[Zhang et al., 2002] Z.-Q. Zhang, T.-M. Fu, D. R. Casimiro, M.-E.
Davies, X. Liang, W. A. Schleif, L. Handt, L. Tussey, M. Chen, A. Tang,
K. A. Wilson, W. L. Trigona, D. C. Freed, C. Y. Tan, M. Horton, E. A.
Emini, & J. W. Shiver, 2002. Mamu-A*01 allele-mediated attenuation of
disease progression in simian-human immunodeficiency virus infection.
J Virol 76(24):12845-12854. On pp.[29] & [30}

HIV Molecular Immunology 2006/2007

SIV Epitopes

51




52 HIV Molecular Immunology 2006/2007



Part Il

HIV CTL/CD8 + Epitopes

+
==
a
o
-
=
O

HIV Molecular Immunology 2006/2007 53






ll-A
Summary

This part includes tables, maps, and associated references
of HIV-specific CTL epitopes arranged sequentially ac-
cording to the location of the proteins in the HIV-1 genome.
We attempted to make this part as comprehensive as pos-
sible, requiring that the epitope be contained within a de-
fined region of a maximum of 30 amino acids, but not
that the optimal boundaries be defined. Studies that were
based on the analysis of whole proteins are described
at the end of each protein section. The same epitope
can have multiple entries, as each entry represents a sin-
gle publication in this part of the database. For more
recent updates, epitope sequence alignments, and use-
ful search capabilities, please see our web site: http:
//www.hiv.lanl.gov/content/immunology. For a
concise listing of the best defined CTL epitopes, see the
summary by Nicole Frahm, Caitlyn Linde and Christian
Brander on in of this compendium. CTL
responses to proteins with no defined epitopes are listed at
the end of each protein section.

Recent studies utilize multiple functions attributed to
T cells to define responses, and the simple distinctions of
cytotoxic T-cell and helper T-cells have become blurred
as more is learned about the range of responses triggered
in CD4 and CD8 positive T-cells responding to antigenic
stimulus. When adding the most recent studies to the
database, we have tried to place T cell responses in a
reasonable manner into our traditional helper T cell and
CTL parts, and to specify the assay used to measure the
response in each study.

1I-A-1 Epitope tables

Each CTL reference has a multi-part basic entry:

HXB2 location: The viral strain HXB2 (GenBank Ac-
cession Number K03455) is used as a reference strain
throughout this publication. The position of the de-
fined epitope location relative to the sequence of the
HXB?2 protein is indicated. The numbering in this ta-
ble corresponds to the protein maps. Because of HIV-1
variation the epitope may not actually be present in
HXB2; rather, the position in HXB2 indicates the po-
sition aligned to the epitope. HXB2 was selected as
the reference strain because so many studies use HXB2,
and because crystal structures for HXB2-related pro-
teins are often available. The precise positions of an
epitope on the HXB2 reference strain can be readily
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obtained using the interactive position locator at our
web site: http://www.hiv.lanl.gov/content/
hiv-db/LOCATE/locate.html.

Author location: The amino acid positions of the epitope
boundaries and the reference sequence are listed as given
in the primary publication. Frequently, these positions
as published are imprecise, and do not truly correspond
to the numbering of the sequence, but they provide a rea-
sonable guide to the peptide’s approximate location in
the protein. Also, in many cases the reference sequence
identification was not provided, and in such cases it is
not possible to use these numbers to specify precise
locations.

Epitope: The amino acid sequence of the epitope of inter-
est as defined in the reference, based on the reference
strain used in the study defining the epitope. On occa-
sions when only the position numbers and not the actual
peptide sequence were specified in the original publi-
cation, we tried to fill in the peptide sequence based
on the position numbers and reference strain. If the
sequences were numbered inaccurately by the primary
authors, or if we made a mistake in this process, we may
have misrepresented the binding site’s amino acid se-
quence. Because of this uncertainty, epitopes that were
not explicitly written in the primary publication, that we
determined by looking up the reference strain and the
numbered location, are followed by a question mark in
the table.

Epitope name: If the epitope has a name attributed by
the publication, it is recorded here, e.g. “SL9”.

Subtype: The subtype under study, generally not speci-
fied for B subtype.

Immunogen: The antigenic stimulus of the CTL response.
Often this is an HIV-1 infection. If a vaccine was used as
the original antigenic stimulation, not a natural infection,
this is noted separately, and additional information about
the vaccine antigen is provided as available.

Species (MHC): The species responding and MHC or
HLA specificity of the epitope.

Donor MHC: The HLA genotype of the individual that
responded to the epitope.

Country: The country where the samples were obtained—
generally not specified if the study was conducted in the
United States.

Assay type: Assay used to characterize the response.

Keywords: Keywords are a searchable field for the web
interface that is included in the T-cell sections of the
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Summary

printed version to help identify entries of particular in-
terest.

Reference: The primary reference (sometimes two or
more directly related studies are included). Details for
some of the earlier references are in

Following the entry for a given CTL epitope brief com-

ments explain the context in which the epitope was studied

and what was learned about the epitope in a given study.

1I-A-2 HIV protein epitope maps

All HIV CTL epitopes mapped to within a region of 14
amino acids or less are indicated on the HIV protein epi-
tope maps. The location and HLA restriction elements
of CTL epitopes are indicated on protein sequences of
HXB2. These maps are meant to provide the relative loca-
tion of defined epitopes on a given protein, but the HXB?2
sequence may not actually carry the epitope of interest,
as it may vary relative to the sequence for which the epi-
tope was defined. Epitopes with identical boundaries and
HLA fields are included in the maps only once. If one
laboratory determines HLA presenting molecules at the
serotype level (example: A2) and another at the genotype
level (example: A*0201) both will be included in the map.
MHC specificities are indicative of the host species; when
no MHC presenting molecule is defined, the host species
is noted.

1I-A-3  Alignments

To conserve space, no epitope alignments are provided in
this book, but they can be generated using the CTL epitope
search tool at http://www.hiv.lanl.gov/content/
immunology. The master alignment files from which
the epitope alignments were created are available at our
web site at http://www.hiv.lanl.gov/content/
hiv-db/ALIGN_CURRENT/ALIGN-INDEX.htmll
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HIV CTL/CD8 + Epitope Tables

All HIV CTL epitopes are arranged by protein position.
The table entries are sorted in a nested way—first by pro-
tein, then by HXB2 start location, and finally by HLA
presenting molecule. CTL reactions against proteins with
undefined epitopes are listed at the end of the protein that
stimulated the response.

II-B-1 Gag p17 CTL/CD8 + epitopes

HXB2 Location pl7 (5-13)
Author Location Gag (5-13 SUMA)
Epitope ASVLSGGEL
Epitope name Gag AL9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human
Donor MHC A*1103, A*2402, B¥*1402, B*1501,
Cw*0802
Country United States.
Assay type CDS8 T-cell Elispot - IFNy, Chromium-release
assay
Keywords dynamics, acute/early infection, characteriz-
ing CD8+ T cells
References Jones ef al.|2004
Primary CD8+ T-cell response to Env, Tat and Gag and the
extent, kinetics and mechanisms of viral escape were examined
in three patients. Rapid escape,within weeks from infection,
from HIV specific CTL responses was observed in all three
patients, but the kinetics and extent of the escape differed
depending on the breadth and co-dominant distribution of CTL-
mediated pressure. The two patients that rapidly declined had
more focused immunodominant responses, while the single
patient that had low viral load and stable CD4 counts for seven
years had a broad co-dominant response and less escape.
The patient SUMA maintained low viral loads and stable CD4
T-cell counts through 7 years of followup. In contrast to more
rapid progressors WEAU and BORI, SUMA had a broad re-
sponse to 24 epitopes, with little immunodominance. Two
peptides were somewhat more intensely recognized in acute
infection, but this response leveled out early on.
Only 4 epitopes acquired escape mutations in SUMA over time,
and this was 1 of the 20 that remained invariant. A low level
response was detected at acute infection that persisted through
early infection.

HXB2 Location p17 (8-18)
Author Location Gag (8-18)
Epitope LSGGELDRWEK
Epitope name Gag 1.2
Immunogen vaccine

HIV Molecular Immunology 2006/2007

Vector/Type: DNA prime with modified vac-
cinia Ankara (MVA) boost Strain: B clade
HIV component: Env, Gag, Protease, Rev, RT,
Tat, Vpu
Species (MHC) macaque
Assay type T-cell Elispot, Intracellular cytokine staining
Keywords subtype comparisons,  variant  cross-
recognition or cross-neutralization, memory
cells
References |Amara et al.l|l2005

* A clade B DNA/MVA HIV vaccine was shown to raise a broad
cross-reactive cellular immune response for peptides based on
the CRF02_AG consensus Gag in macaques. The activity was
better conserved for CD8 than CD4 T cells.

* All 5 CD8 and 4/8 of the CD4 epitopes that were recognized
in vaccinated macaques have also been reported for human
infections, indicating cross-species conservation. The similar
reported human epitope in this case is GELDRWEKI. HLA
restriction: B*4002, B62

* Conservation across other clades: none. The form that is most
common in CRF02, LSGGKLDaWEK, does not cross-react
with the B clade elicited response.

HXB2 Location p17 (11-19)
Author Location
Epitope GELDRWEKI
Epitope name Gag-GI9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B*4002)
Donor MHC 01RCH46: A*0201, A*0217, B*0801,
B*4002, Cw*0303, Cw*0701
Keywords HAART, ART
References Sabbaj er al.[2003

* This study monitored epitope responses in HIV-1 infected mi-
nority women living in the United States.

* 24 epitopes were described — 8 were novel, 8 used new restrict-
ing elements but were previously defined epitopes, and 8 were
previously described.

* Serial peptide truncations were used to define optimal epitopes
for CTL cell lines isolated from 12 individuals, assayed by a
Cr-release.

* This epitope was newly defined in this study.

» Patient 01RCH46 was Hispanic, on HAART, and had a vi-
ral load of 21000 and CD4 count of 623 — she also recog-
nized KETINEEAA p24(70-78), HLA B*4002, and TAFTIPSI,
RT(128-135), HLA A*0217.

* Among HIV+ individuals who carried HLA B40, 2/5 (40%)
recognized this epitope.

HXB2 Location pl17 (11-19)
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HIV CTL/CD8+ Epitope Tables

Author Location p17 (11-19)
Epitope GELDRWEKI
Immunogen HIV-1 infection
Species (MHC) human (B*4002)
Keywords optimal epitope
References [Frahm et al.[2007

HXB2 Location p17 (11-19)
Author Location pl17 (11-19)
Epitope GELDRWEKI
Epitope name GI9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B40)
Donor MHC A*30, B¥18, B¥40, Cw*02, Cw*05
Country United States.
Assay type CD8 T-cell Elispot - IFNy
Keywords responses in children, mother-to-infant trans-
mission, escape, acute/early infection, rever-
sion, viral fitness
References |Sanchez-Merino et al.[2005
CD8 T-cell responses were examined in mother-infant pairs.
Escape variants were commonly detected in maternal plasma.
Early infant plasma viruses showed heterogeneity of gag and
nef gene sequences as well as mother-to-child transmission of
CD8 T-cell escape variants. The stability of escape mutants in
the infant over time was determined by infant HLA haplotype
and viral fitness. Sequential plasma specimens from infants
showed changes in CD8 T-cell epitope sequences, suggesting
that infants are capable of generating virus-specific CD8 T-cell
responses.
The escape variant geldrwKki was detected in 10/10 maternal
clones from a B40-positive mother, but was absent in all se-
quences from her B40-negative infant, sampled at months 2, 4,
and 11, suggesting either transmission of a minority wild-type
variant, or rapid reversion in the absence of continued CTL
pressure.
geldrwKKki elicted lower responder cell frequencies than GEL-
DRWEKI.

HXB2 Location pl17 (11-30)
Author Location Gag (11-30)
Epitope GELDRWEKIRLRPGGKKKYK
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B62)
Donor MHC A2, A32, B27, B62
Assay type Chromium-release assay
Keywords genital and mucosal immunity
References Musey et al.|[2003
¢ CTL clones from blood, semen, cervix and rectum samples
from 12 individuals were compared. CTL clones derived from
blood and mucosal samples had similar high lysis efficiency,
primarily perforin dependent, and TCRbeta VDJ region se-
quencing revealed cases of expansion of the same clone in
different compartments.
* CD8+ T cell clones directed at this epitope were derived from
blood and semen.

HXB2 Location p17 (12-21)
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Author Location pl17
Epitope ELDRWEKIRL
Subtype B, C
Immunogen HIV-1 infection
Species (MHC) human (B63)
Assay type CDS8 T-cell Elispot - IFNy
Keywords rate of progression
References [Frahm ez al.|2005

* HLA-B63-positive subjects were shown to be able to generate
CTL responses early in acute HIV infection and to control HIV
replication in the absence of antiretroviral treatment. Since
HLA-B63 shares the epitope binding motif of HLA-B57 and
-B58, it was shown that HLA-B63-positive individuals mounted
CTL responses to previously identified B57-restricted epitopes,
as well as novel, B63-restricted epitopes. Moreover, these novel
B63-restricted epitopes can also be presented by HLA-B57 and
-B58.

e This is a putative HLA B63 epitope containing the B58 super-
type binding motif embedded in a reactive peptide. There is no
evidence for B57/B58 cross-presentation of this epitope.

HXB2 Location p17 (16-30)
Author Location p17 (16-30 HXB2)
Epitope WEKIRLRPGGKKKYK
Subtype B
Immunogen HIV-1 infection
Species (MHC) human
Assay type T-cell Elispot
Keywords immunodominance, early treatment
References |Addo ef al.2003

» Comprehensive Elispot screening of 504 overlapping peptides
that spanned all HIV-1 proteins in 57 HIV-1 infected individu-
als. Four groups of patients were compared: 23 were untreated;
12 patients were chronically infected and treated; 22 started
treatment during acute infection, 11 continuously treated and
11 with STIL.

* 63% of the peptides were recognized - the most frequent re-
sponses were directed against Nef (95%) and p24-Gag (88%).
p17 was the most frequently recognized protein after correction
for protein length. A median of 18 peptides (range 2-42) were
recognized per person. The most frequently (>20%) recog-
nized peptides were located in conserved regions within clade
B sequences. Vpu was rarely recognized.

* Responses to this peptide were detected in 19% of the study
subjects, and it was one of the 25 most frequently recognized
peptides.

HXB2 Location p17 (18-26)
Author Location p17 (18-26 I1IB)
Epitope KIRLRPGGK
Immunogen
Species (MHC) human (A*0301)
Keywords optimal epitope
References [Frahm ez al.|2007
* C. Brander notes that this is an A*0301 epitope.

HXB2 Location p17 (18-26)
Author Location
Epitope KIRLRPGGK
Immunogen HIV-1 infection
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Gag p17 CTL/CD8+ epitopes

Species (MHC) human (A*0301)
Keywords acute/early infection

References [Wilson et al.[2000a
Three individuals with highly focused HIV-specific CTL re-
sponses were studied during acute infection using tetramers —
high frequencies of HIV-1-specific CD8+ T cells were found
prior to seroconversion, and there was a close temporal rela-
tionship between the number of circulating HIV-specific T cells
and viral load was also found.
All three patients were B*2705, with HLA alleles: A1, A30/31,
B#*2705, B35; Al, A*0301, B7, B2705; and A*0201, A*0301,
B2705, B39.
ELISPOT was used to test a panel of CTL epitopes that had
been defined earlier and were appropriate for the HLA haplo-
types of the study subjects — 3/3 subjects showed a dominant
response to the B¥2705 epitope KRWIILGGLNK.
The subject with A*0201 had a moderately strong response to
SLYNTVATL.
Weak responses were observed to A*301-RLRPGGKKK,
A*301-QVPLRPMTYK, and B7-TPGPGVRYPL in the subject
who was HLA A1, A*0301, B7, B*2705.
No acute response was detected to the following epi-
topes: A*201-ILKEPVHGYV, A*301-KIRLRPGGK, A*301-
AIFQSSMTK, A*301-TVYYGVPVWK, B35-EPIVGAETF,
B35-HPDIVIYQY, B35-PPIPVGEILY, B35-NSSKVSQNY,
B35-VPLRPMTY, B35-DPNPQEVVL.

HXB2 Location p17 (18-26)
Author Location pl17 (18-26 SF2)
Epitope KIRLRPGGK
Immunogen HIV-1 infection
Species (MHC) human (A*0301)
References |Altfeld et al.J2001a
e HIV+ individual AC-06 was tested for reactive overlapping
peptides spanning all HIV-1 proteins in an ELISPOT and was
found to react with 12 peptides from 7 proteins, suggesting that
the breadth of CTL responses are underestimated if accessory
proteins are not included in the study.
* The reactive peptide pl17 gag WEKIRLRPGGKKKYK con-
tained two A*0301-restricted epitopes, KIRLRPGGK and RL-
RPGGKKK A*0301.

HXB2 Location p17 (18-26)
Author Location p17 (18-26)
Epitope KIRLRPGGK
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A*0301)
Assay type CD8 T-cell Elispot - IFN7y, CDS8 T-cell Elispot
granzyme B
Keywords Thl, characterizing CD8+ T cells
References |Kleen et al.l[2004
e Only 20% of CD8+ T-cells produce IFN-gamma and granzyme
B simultaneously (Tcla). Two additional subpopulations of
HIV specific CD8+ cells are found, each one constituting 30-
40% of the CD8+ cell pool. One of these (Tclb) secretes
IFN-gamma only, and the other one (Tclc) secretes GzB only.
* Two of seven patients responded to this peptide with GzB
producing cells, while none of the patients responded with
IFN-gamma producing cells.
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HXB2 Location p17 (18-26)
Author Location pl7
Epitope KIRLRPGGK
Subtype A
Immunogen HIV-1 infection
Species (MHC) human (A*0301)
Donor MHC A*0101, A*0301, B*0801; A*0201, A*3101,
B*3501, B*3905
Country United Kingdom.
Assay type CDS8 T-cell Elispot - IFNy, HLA binding
Keywords escape, acute/early infection, variant cross-
recognition or cross-neutralization
References |Milicic et al.[2005
CTL responses and escape were analyzed in 4 homosexual
couples where blood samples were available within weeks
of estimated transmission. CTL escape variants were often
transmitted. When the recipient had the same HLA type as the
donor, CTL escape variants prevented a CTL response to those
epitopes in the recipient. Even when the HLA alleles were
different in the transmitting couple, a single escape mutation
in one epitope can abolish CTL recognition of an overlapping
epitope of distinct restriction in the recipient.
A*0301 epitopes RLRPGGKKK and KIRLRPGGK, and
B*0801 epitope GGKKKYRL, overlap. In 1 donor, the trans-
mitted virus carried the escape form for 2 of these epitopes. The
double substitution kirlrpggR results in escape from response in
the donor. Similarly, the double substitution ggRkkyKI results
in escape for this epitope.
The escape mutation kirlrpggR in this epitope resulted in 74%
reduction in HLA binding affinity. The other variant tested,
kirlrQggR, resulted in 90% reduction.
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HXB2 Location pl17 (18-26)
Author Location p17 (18-26 I1IB)
Epitope KIRLRPGGK
Immunogen HIV-1 infection
Species (MHC) human (A3)
Keywords responses in children, mother-to-infant trans-
mission, escape
References [Wilson et al.[l1996
* Epitope defined in the context of the Pediatric AIDS Founda-
tion ARIEL Project, a mother-infant HIV transmission study.
* KIRLRPGGR and RIRLRPGGR, naturally occurring variants,
were found in mother and are escape mutants.

HXB2 Location p17 (18-26)
Author Location pl17 (18-26)
Epitope KIRLRPGGK
Immunogen in vitro stimulation or selection
Species (MHC) human (A3)
Keywords dendritic cells
References |Zarling et al.|[1999
* This study compares the ability of macrophages and dendritic
cells to stimulate primary responses in CD8+ lymphocytes
isolated from HLA-appropriate HIV-uninfected donors using
peptide-pulsed APC — the dendritic cells performed better as
APC for the stimulation of primary responses.
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HIV CTL/CD8+ Epitope Tables

» Strong CTL responses were elicited by the epitopes DRFYK-
TLRA and GEIYKRWII when presented by either immature or
mature dendritic cells — macrophages were not able to prime a
CTL response against DRFYKTLRA.

* A weak response to KLTPLCVSL was stimulated using
macrophages as the APC.

* No detectable response was observed for the follow-
ing previously-defined HIV epitopes: = KIRLRPGGK,
ILKEPVHGY, IRLRPGGK, GPKVKQWPL.

HXB2 Location p17 (18-26)
Author Location Gag (18-26)
Epitope KIRLRPGGK
Immunogen HIV-1 infection
Species (MHC) human (A3)
References [Brodie ez al.|1999

The ability of CTL effector cells was studied by expanding
autologous HIV-1 Gag-specific CTL in vitro, and adoptive
transfer.

The transferred CTLs migrated to the lymph nodes and tran-
siently reduced circulating productively-infected CD4+ T cells,
showing that CTL move to appropriate target sites and mediate
anti-viral effects.

HXB2 Location p17 (18-26)
Author Location (18-26)
Epitope KIRLRPGGK
Immunogen HIV-1 infection
Species (MHC) human (A3)
References [Brodie ez al.[2000

Study tracks and quantifies in vivo migration of neo-marked
CD8+ HIV-specific CTL.

Adoptively transferred gene-marked HIV-specific CTL homed
to specific lymph node sites, colocalizing within the parafol-
licular regions of the lymph node adjacent to cells expressing
HIV tat-fusion transcripts, indicative of viral replication.
* The CTL clones expressed CCRS and localized among HIV-1
infected cells expressing MIP-1alpha and MIP-1beta, CC-
chemokines produced at sites of viral replication, suggesting a
possible homing mechanism.
This study provides a methodology for tracking and studying
antigen specific CTL in vivo.

HXB2 Location p17 (18-26)
Author Location pl7 (18-26 I1IB)
Epitope KIRLRPGGK
Immunogen HIV-1 infection
Species (MHC) transgenic mouse (A3)
Keywords responses in children, mother-to-infant trans-
mission, escape
References |Wilson et al.|1999a
e This study describes maternal CTL responses in the context of
mother-to-infant transmission.
 Detection of CTL escape mutants in the mother was associated
with transmission, but the CTL-susceptible forms of the virus
tended to be found in infected infants.
KIRLRPGGR and RIRLRPGGR were escape mutants.
* This epitope was recognized and many escape mutants were de-
tected in an HLA A3 transmitting mother, and was recognized
but invariant in an HLA A3 non-transmitting mother.
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HXB2 Location p17 (18-26)
Author Location pl17 (18-26 IIIB)
Epitope KIRLRPGGK
Immunogen HIV-1 infection
Species (MHC) human (A3)
Keywords review, escape
References |Goulder et al.||1997e;|Goulder et al.|1997a
» HLA-identical sibling hemophiliac brothers were both infected
with the same batch of factor VIIIL.|Goulder ef al.|[1997¢] is a
review of immune escape that summarizes this study.
* One had a response to this epitope, the other did not. They
were tested 6-8 years after infection.

HXB2 Location p17 (18-26)
Author Location pl7 (subtype B)
Epitope KIRLRPGGK
Subtype B
Immunogen HIV-1 exposed seronegative
Species (MHC) human (A3)
References |Kaul ez al.[2000
* 11 of 16 heavily HIV exposed but persistently seronegative
sex-workers in Nairobi had HIV-specific CD8+ gamma-IFN re-
sponses in the cervix — systemic CD8+ T-cell responses tended
to be to the same epitopes but at generally lower levels than
cervical CD8+ T-cell responses.
Low risk individuals did not have such CD8+ cells.
CD8+ T-cell epitopes: DTVLEDINL (3 individuals), SLYNT-
VATL (4 individuals), LSPRTLNAW (3 individuals) and YPLT-
FGWCF (4 individuals) were most commonly recognized by
the HIV-resistant women.

HXB2 Location p17 (18-26)

Author Location pl17 (SF2)
Epitope KIRLRPGGK
Immunogen HIV-1 infection
Species (MHC) human (A3)
Keywords subtype comparisons, immunodominance
References |Goulder et al.|2000a

» WEKIRLRPGGKKKYKILK was the target of the dominant
response in Caucasoids (38%) more frequently than non-
Caucasoids (12%) — 7/10 that had a dominant response to
this epitope were A3, and 5/7 targeted RLRPGGKKK while
2/7 targeted KIRLRPGGK.
Three peptides GSEELRSLYNTVATL (p17 residues 71-85),
SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRL-
RPGGKKKYKLK (p17 16-30) contained the dominant Gag-
specific epitope in 31/44 B-clade infected individuals from
Boston who showed Gag-CTL responses.
Five peptides RLRPGGKKHYMIKHLVW (p17 20-36),
ELRSLYNTVATLYCYV (p17Gag 74-88), SALSEGATPQDL-
NTMLNTVG (p24 41-60), FRDYVDRFFKTLRAEQA (p24
161-177), and SILDIKQGKEPFRDY (p24 149-164) contained
dominant Gag-specific epitopes in 32/37 C-clade infected sub-
jects from South Africa.

HXB2 Location p17 (18-26)
Author Location p17
Epitope KIRLRPGGK
Immunogen HIV-1 infection
Species (MHC) human (A3)
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Keywords HAART, ART
References [Seth ef al[2001
* CTL responses were studied by tetramer staining in 41 patients
with combination therapy — activated CD8+ T-cells decline as
the viral load drops in response to therapy, but the overall level
of antigen-specific cells capable of differentiating into effectors
stays constant and new epitopes may be recognized.

HXB2 Location p17 (18-26)
Author Location pl7 (18-26 SF2)
Epitope KIRLRPGGK
Immunogen HIV-1 infection
Species (MHC) human (A3)
Keywords HAART, ART, acute/early infection
References |Altfeld et al.[2001b

Therapy provided during acute infection resulted in a narrower
CTL response, stronger T help response, and a less diverse
viral population than was seen in individuals treated during
chronic infection.

The breadth and specificity of the response was deter-
mined using ELISPOT by studying 19 individuals with pre-
seroconversion therapy (Group 1), 11 individuals with primary
infection but post-seroconversion therapy (Group 2), and 10
individuals who responded to HAART given during chronic
infection (Group 3), using 259 overlapping peptides spanning
pl7, p24, RT, gp41, gp120 and Nef.

Previously described and newly defined optimal epitopes were
tested for CTL response.

Number of HLA-A3+ individuals that had a CTL response to
this epitope broken down by group: 3/7 group 1, 0/4 group 2,
and 2/2 group 3.

HXB2 Location p17 (18-26)

Author Location pl7 (18-26)

Epitope KIRLRPGGK
Immunogen HIV-1 infection, HIV-1 exposed seronegative

Species (MHC) human (A3)
Keywords HIV exposed persistently seronegative

(HEPS)
References |[Kaul ez al.|2001a

* KIRLRPGGK is cross-reactive for A, B, and D clades.

* ELISPOT was used to study CTL responses to a panel of 54
predefined HIV-1 epitopes in 91 HIV-1-exposed, persistently
seronegative (HEPS) and 87 HIV-1-infected female Nairobi
sex workers.

HXB2 Location pl7 (18-26)
Author Location pl17 (JRCSF)
Epitope KIRLRPGGK
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A3)
References |Severino er al.[2000
¢ Primary HLA-A3+ CD4+ and HLA-mismatched lympho-
cytes from uninfected donors were infected with JRCSF after
isolation then cocultured with the A3-restricted CTL clone
11504/A7 specific for KIRLRPGGK, and viral inhibition was
MHC-restricted.
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* Primary monocytes and monocyte-derived DC were generated
from the same donors, replication of HIV-1 in these cell types
was less efficient than in lymphocytes and could also be inhib-
ited by MHC-restricted CTL.

* DC-lymphocyte cluster cultures allowed vigorous viral replica-
tion and MHC-restricted CTL viral inhibition was blunted or
lost depending on the ratio of DC to CD4+ lymphocyte in the
culture.

HXB2 Location p17 (18-26)
Author Location pl17 (18-26)
Epitope KIRLRPGGK
Immunogen HIV-1 infection
Species (MHC) human (A3)
Keywords rate of progression, acute/early infection
References |Day ef al.[|2001
* The CTL response to optimally defined CTL epitopes restricted
by HLA class I A and B alleles in individuals who coexpressed
HLA A2, A3, and B7 was studied in eight HIV-1-infected
subjects, two with acute infection, five with chronic, and one
long-term non-progressor (LTNP).
2 to 17 epitopes were recognized in a given individual, A2-
restricted CTL response tended to be narrow and never domi-
nated the response, and 25/27 epitopes were targeted by at least
one person.
All patients recognized at least 1 A3 epitope, up to 8 A3 epi-
topes, but none was clearly dominant.

HXB2 Location p17 (18-26)

Author Location pl7
Epitope KIRLRPGGK
Immunogen HIV-1 infection
Species (MHC) human (A3)
Keywords dendritic cells
References |Ostrowski et al.|2000

* The role of CD4+ T-cell help in expansion of virus-specific
memory CTL was studied through co-culture ex vivo.
Optimal expansion of HIV-1-specific memory CTL depended
on CD4+ T cell help in 9 of 10 patients — CD40 ligand trimer
(CD40LT) could enhance CTL in the absence of CD4+ T cell
help to a variable degree in most of patients.
Those CTL that didn’t respond to CD40LT could expand with
IL2 present, and IL15 produced by dendritic cells also contrib-
utes.
The T-helper epitope used for CD4+ T-cell stimulation was the
universal tetanus helper epitope TET830-843 (QYIKANSK-
FIGITE)

HXB2 Location pl17 (18-26)
Author Location p17 (18-26)
Epitope KIRLRPGGK
Epitope name A3-KK9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A3)
Donor MHC A3, B7, Cw7
Keywords dynamics, supervised treatment interruptions
(STI), immunodominance, acute/early infec-
tion
References [Yu ef al.|2002a
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¢ CTL responses in 18 acutely HIV-infected HLA-A3 (n=7) or
-B7 (n=4) or both -A3 and B7 (n=7) positive individuals were
studied.

One individual, AC-06, was homozygous at all three class I
alleles (A3, B7, Cw7), was treated during acute infection and
had supervised treatment interruptions (STI). He had only two
detectable CTL responses during acute infection, but after STI
this broadened to 27 distinct epitopes including 15 restricted
by HLA-A3, 11 by HLA-B7, and 1 by HLA-Cw7.

8/14 HLA-A3 positive individuals had detectable A3-restricted
responses during acute infection. Only 5/15 of HLA-A3 epi-
topes tested were targeted during acute infection. 7/8 indi-
viduals with acute responses had specific responses for this
epitope.

KIRLRPGGK and RLRPGGKKK were the most commonly
recognized HLA-A3 epitopes during acute infection, after 1
year of treatment, and after STI. RLRPGGKKK was immuno-
dominant.

HXB2 Location p17 (18-26)
Author Location p17 (18-26)
Epitope KIRLRPGGK
Immunogen HIV-1 infection
Species (MHC) human (A3)
Donor MHC A03, A32, B51, B15, Cw03, Cw06, DR4,
DRS, DQ7
Country Netherlands.
Assay type CD8 T-cell Elispot - IFNy, Flow cytometric
T-cell cytokine assay
Keywords rate of progression, escape
References |Geels et al.l2003
Both stable potential epitopes and epitopes with escape muta-
tions were found in a patient with increasing viral load over a
time period of 4 years. Fixation of escape mutations occured
sequentially and correlated with the rise in viral load and with
the increased number of productively infected cells.
This is one of 17 potential epitopes from this individual, defined
based on previously identified epitopes presented by appropri-
ate HLA molecules. Full length genome sequence did not
reveal changes in time in any of these epitopes over a four year
period. Peptide pools initially revealed very little response to
these eptiopes, but this increased over time.

HXB2 Location pl17 (18-26)
Author Location p17 (18-26 B consensus)
Epitope KIRLRPGGK
Epitope name KK9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A3)
Country United States.
Assay type CDS8 T-cell Elispot - IFNY, Flow cytometric
T-cell cytokine assay
Keywords epitope processing, immunodominance, es-
cape, acute/early infection, characterizing
CD8+ T cells, reversion, viral fitness
References |Allen er al.l2004
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* KK9 and RK9 overlap, are presented by HLA-A3, and are
frequently immunodominant and involved in acute-phase pri-
mary responses. A mutation in the C-terminal flanking residue
of KK9 (K to Q) (kirlrpkkg-Q) inhibits processing of the im-
munodominant gag KK9 epitope, resulting in rapid decline in
the KK9 specific CD8+ T-cell response. At the same time it
abrogates the response to RK9 through the embedded mutation
rlrpggkQk. Transmission of this mutation to patients express-
ing HLA-A3 prevents acute-phase response to these epitopes,
although the mutation can eventually revert to wild-type allow-
ing a delayed response to the epitope.

HXB2 Location p17 (18-26)
Author Location pl17
Epitope KIRLRPGGK
Epitope name KK9
Immunogen HIV-1 infection
Species (MHC) human (A3)
Keywords review, epitope processing, escape
References |Goulder & Watkins|2004
* This paper is a review of the role of CTL in HIV infection,
and it uses KK9 as an example of an epitope that escapes due
to a mutation beyond the epitope on the C-terminal side that
probably affects proteasomal processing.

HXB2 Location p17 (18-26)
Author Location (B consensus)
Epitope KIRLRPGGK
Epitope name KK9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A3)
Donor MHC A03, B14, B60, Cw3, Cw7
Country United States.

Assay type Cytokine production, Intracellular cytokine
staining, Chromium-release assay, Flow cyto-
metric T-cell cytokine assay

Keywords assay standardization/improvement, memory
cells, characterizing CD8+ T cells

References |Lichterfeld ef al.|2004c

* Using a flow-cytometric cytotoxicity assay based on caspase-3
activation in dying target cells, it was shown that the subset of
HIV-1-specific CD8+ T cells secreting both IFN-gamma and
TNF-alpha exhibit stronger cytotoxic activity than those secret-
ing only IFN-gamma. These cells also exhibited stronger in-
tracellular perforin expression. No association between HIV-1-
specific CD8+ T-cell maturation phenotypes and intracellular
perforin expression was found.

* One of nine individuals recognized this epitope.

HXB2 Location p17 (18-26)
Author Location pl7
Epitope KIRLRPGGK
Immunogen HIV-1 exposed seronegative
Species (MHC) human (A3)
Donor MHC AO01, A03, B39, B44, Cw4, Cw6
Assay type T-cell Elispot
Keywords HIV exposed persistently seronegative
(HEPS)
References |Missale et al.|2004
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HIV-specific T-cell response was tested in patients exposed to
blood from a patient with highly replicating HIV; these patients
were nosocomially infected with HBV, but uninfected with
HIV. HIV-specific T-cell responses were directed to structural
and non-structural HIV proteins in 2 patients, suggesting that
the virus replicated in these patients sufficiently to prime a
cell-mediated immune response that protected them from HIV
infection.

This patient responded to 3/11 HIV epitopes tested in an
IFNgamma EliSpot assay. Responses were detected 16 and 20
weeks after exposure, but were lost by week 80.

HXB2 Location p17 (18-26)
Author Location Gag (18-26)
Epitope KIRLRPGGK
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A3)
Donor MHC Al, A3, B7, B57, Cw6, Cw7
Country United States.
Assay type CDS8 T-cell Elispot - IFNy
References |Allen ef al.l2005a
» Two-thirds of all mutations arising in nonenvelope proteins dur-
ing the transition from acute to chronic infection were found
to be due to either CD8 T-cell-associated selective pressures
or reversion of HLA-I-associated mutations selected in a pre-
vious host. The predominance of escape mutations at highly
polymorphic sites was observed across different HIV-1 clades.
This epitope was reactive, but escape mutations did not accrue
in it over time.

HXB2 Location p17 (18-26)
Author Location p24
Epitope KIRLRPGGK
Epitope name KK9
Immunogen
Species (MHC) (A3)

Keywords review, immunodominance, escape,
acute/early  infection, early-expressed
proteins, kinetics, reversion, viral fitness

References [Lichterfeld ez al.|2005
 This review discusses the importance of 3 factors that impact
the selection of immunodominant epitopes in acute HIV infec-
tion: i) the kinetics of viral protein expression, ii) the HLA
class I background of the infected individual, and iii) the autol-
ogous sequence of the infecting virus. This is 1 of 12 peptides
listed as immunodominant in acute HIV-1 infection.

HXB2 Location pl17 (18-26)
Author Location pl7 (18-26)
Epitope KIRLRPGGK
Epitope name KR9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A3)
Donor MHC A*03, A*31, B*08, B*15, Cw*04, Cw*07
Country United States.
Assay type CDS8 T-cell Elispot - IFNy
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Keywords responses in children, mother-to-infant trans-
mission, escape, acute/early infection, rever-
sion, viral fitness

References [Sanchez-Merino et al.l2005

* CD8 T-cell responses were examined in mother-infant pairs.
Escape variants were commonly detected in maternal plasma.
Early infant plasma viruses showed heterogeneity of gag and
nef gene sequences as well as mother-to-child transmission of
CDS8 T-cell escape variants. The stability of escape mutants in
the infant over time was determined by infant HLA haplotype
and viral fitness. Sequential plasma specimens from infants
showed changes in CD8 T-cell epitope sequences, suggesting
that infants are capable of generating virus-specific CD8 T-cell
responses.

The escape variant kirlrpggR was present in 10/10 clones from
an A3+ mother, was transmitted to her infant,and present in
10/10 clones at months 2 and 4, but decreased to 0/10 clones
by 15 months of age in her A3- child.

HXB2 Location p17 (18-26)
Author Location p17 (18-26)
Epitope KIRLRPGGK
Immunogen HIV-1 infection
Species (MHC) human (A3, A*0301, B27)
References |Ferrari ez al.[2000
* One of the 51 HIV-1 epitopes selected by Ferrari et al. as
good candidate CTL epitopes for vaccines by virtue of being
conserved and presented by common HLA alleles.

HXB2 Location p17 (18-26)
Author Location pl17 (18-26)
Epitope KIRLRPGGK
Epitope name A3-KK9 Gag
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B7)
Country United States.
Assay type CDS8 T-cell Elispot - IFNy
Keywords epitope processing, supervised treatment in-
terruptions (STI), escape, early treatment, su-
perinfection
References |Altfeld et al.l2002a
* An HIV+ individual given acute ARV and undergoing STI
developed a strong CTL immune response, but despite this was
shown to be superinfected with second B clade virus. Some
epitope variants of the second infecting virus were resistant to
the initial CTL response. This epitope did not vary, although
the response declined over time. The authors suggest this might
be due to a downstream Arg -> Thr substitution at C+2 that
may impair processing.

HXB2 Location pl17 (18-27)
Author Location (C consensus)
Epitope KIRLRPGGKK
Subtype C
Immunogen HIV-1 infection
Species (MHC) human (A*0301)
Country South Africa.
Assay type CD8 T-cell Elispot - IFNy
Keywords characterizing CD8+ T cells
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References |Kiepiela et al.|2004

¢ HLA class I restricted CD8+ T-cell responses against HIV-1
were analyzed in African patients. Significantly more responses
were shown to be HLA-B restricted. Viral load, CD4 count,
and thus rate of disease progression were also associated with
HLA-B alleles. In addition, the selection pressure imposed on
HIV-1 by HLA-B alleles was shown to be substantially greater
than by other alleles.

This epitope was suggested to be the epitope within a longer
reactive peptide based on correspondence with a known epitope
in the HIV database. Also, a significantly higher frequency of
people in the Durban cohort who reacted with the peptide had
this HLA type.

HXB2 Location pl17 (18-27)
Author Location Gag
Epitope KIRLRPGGKK
Epitope name 1272
Subtype multiple
Immunogen HIV-1 infection
Species (MHC) human (A11)
Country United States.
Assay type T-cell Elispot
Keywords binding affinity, computational epitope predic-
tion, cross-presentation by different HLA
References |De Groot et al.|2003
* Epitopes defined using sequence parsing and matching algo-
rithm Conservatrix, and epitope prediction tool EpiMatrix,
were shown to be conserved in a broad range of HIV-1 se-
quences derived from different parts of the world. 31 novel
highly conserved HIV-1 epitopes were found, among which
four were recognized as promiscuous epitopes and five as MHC
supertypes.
 Estimated binding probability for KIRLRPGGKK: 36%. This
epitope has been previously reported to be presented by A3,
B27, B62, Bw62 and is an A11 binder, but was not confirmed
as a CTL target in this study.

HXB2 Location pl17 (18-27)
Author Location pl17 (18-27)
Epitope KIRLRPGGKK
Immunogen HIV-1 infection
Species (MHC) human (A3)
Country Spain.
Assay type proliferation, CD8 T-cell Elispot - IFNy, Flow
cytometric T-cell cytokine assay
Keywords HAART, ART, supervised treatment interrup-
tions (STI), immune dysfunction
References |Plana ef al.|2004
* Structured treatment interruption (STI) alone is not able to con-
trol viral replication in chronically infected patients, probably
due to lack of strong T-helper cell responses. Only patients
starting with moderately high viral load (VL) were able to re-
duce the VL set point. HIV-1 specific CD8+ T-cell responses
were shown to increase significantly until the end of the follow
up.
 8/14 patients recognized this epitope.

HXB2 Location pl17 (18-27)
Author Location p17 (18-27 LAI)
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Epitope KIRLRPGGKK
Subtype B
Immunogen
Species (MHC) human (B27)
References [Brander & Walker|1996
* D. Lewinsohn, pers. comm.

HXB2 Location p17 (18-27)
Author Location pl17 (18-27)
Epitope KIRLRPGGKK
Immunogen HIV-1 infection
Species (MHC) human (B27)
References [Birk et al|1998b
* A study of p17 variation considering known p17 epitopes and
individuals with known HLA types revealed that p17 evolution
is influenced by immune pressure from CTLs.

HXB2 Location p17 (18-27)
Author Location Gag
Epitope KIRLRPGGKK
Epitope name KK10
Immunogen HIV-1 infection
Species (MHC) human (B27)
Assay type Other
Keywords rate of progression, escape
References |Gao et al.[2005

* Three distinct HLA alleles known to alter the rate of AIDS
progression were studied. B*57-mediated protection occurs
early in infection and the protective effect of this allele sub-
sides after CD4 cell count drops. In contrast, B*27 shows no
protection against progression to CD4<200, but rather delays
progression to an AIDS-defining illness after the CD4 counts
have dropped. B*35-mediated rapid progression to AIDS is
probably a function of early decline in CD4 counts.

» KK10 escape occurs late and was shown to precede a sharp
increase in viral load. The authors hypothesize the B27 benefit
may arise due to enduring HLA restriction after escape from
many other allotype responses has occurred.

HXB2 Location p17 (18-31)
Author Location p17 (18-31)
Epitope KIRLRPGGKKKYKL
Immunogen HIV-1 infection
Species (MHC) human (A3)
References |Birk ez al.|1998b
* A study of p17 variation considering known p17 epitopes and
individuals with known HLA types revealed that p17 evolution
is influenced by immune pressure from CTLs.

HXB2 Location p17 (18-31)
Author Location pl17 (18-31)
Epitope KIRLRPGGKKKYKL
Immunogen HIV-1 infection
Species (MHC) human (B62)
References |Lubaki ef al.|1997
e 82 HIV-1-specific CTL clones from 5 long-term non-
progressors were isolated and analyzed for breadth of CTL
response.
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* A sustained Gag, Env and Nef response was observed, and
clones were restricted by multiple HLA epitopes, indicating a
polyclonal response.

¢ A subject who was HLA-B62+ had CTL that recognized this
peptide, and p24 LGLNKIVRMYS, and one additional un-
known epitope.

HXB2 Location p17 (18-42)
Author Location p17 (18—42 I1IB)
Epitope KIRLRPGGKKKYKLKHIVWASRELE
Immunogen HIV-1 infection
Species (MHC) human (A3)
References [Jassoy ef al.|1992
 Epitope recognized by CTL clone derived from CSF.

HXB2 Location p17 (18-42)
Author Location pl17 (18-42 PV22)
Epitope KIRLRPGGKKKYKLKHIVWASRELE
Immunogen HIV-1 infection
Species (MHC) human (A3)
References [Jassoy ef al.|1993
e HIV-1 specific CTLs release y-IFN, and - and 3-TNF.

HXB2 Location p17 (18-42)
Author Location p17 (18—42 BH10)
Epitope KIRLRPGGKKKYKLKHIVWASRELE
Immunogen HIV-1 infection
Species (MHC) human (B62)
References Johnson ef al.|[1991
* Gag CTL response was studied in three individuals.

HXB2 Location p17 (19-27)
Author Location p17 (19-27 JRCSF)
Epitope IRLRPGGKK
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B*2705)
Keywords optimal epitope
References [Frahm et al.[2007
* Noted by Brander to be B*2705.

HXB2 Location pl17 (19-27)
Author Location pl7 (19-27 LAI)
Epitope IRLRPGGKK
Subtype B
Immunogen
Species (MHC) human (B27)
References [Brander & Walker] 1996

HXB2 Location pl17 (19-27)
Author Location p17 (19-27 JRCSF)
Epitope IRLRPGGKK
Subtype B
Immunogen HIV-1 infection
Species (MHC) scid-hu mouse (B27)
Keywords escape
References [McKinney et al.|1999
 Epitope-specific CTL were infused in infected human PBL-
SCID mice, and transient decreases in viral load were observed,
however virus was not eradicated and the HIV-specific CTL
rapidly disappeared.
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* No escape mutants were observed.

* Control CTL were long lived in both infected and uninfected
mice, showing the rapid loss of CTL was due to target interac-
tion.

HXB2 Location p17 (19-27)
Author Location pl17 (SF2)
Epitope IRLRPGGKK
Immunogen HIV-1 infection
Species (MHC) human (B27)
Keywords subtype comparisons, immunodominance
References |Goulder et al.|2000a
* WEKIRLRPGGKKKYKLK was the target of the dominant
response in Caucasoids (38%) more frequently than non-
Caucasoids (12%) — 2/3 individuals that were B27+ had a
dominant response to this epitope.
Three peptides GSEELRSLYNTVATL (p17 residues 71-85),
SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRL-
RPGGKKKYKLK (p17 16-30) contained the dominant Gag-
specific epitope in 31/44 B-clade infected individuals from
Boston who showed Gag-CTL responses.
Five peptides RLRPGGKKHYMIKHLVW (p17 20-36),
ELRSLYNTVATLYCYV (p17Gag 74-88), SALSEGATPQDL-
NTMLNTVG (p24 41-60), FRDY VDRFFKTLRAEQA (p24
161-177), and SILDIKQGKEPFRDY (p24 149-164) contained
dominant Gag-specific epitopes in 32/37 C-clade infected sub-
jects from South Africa.

HXB2 Location p17 (19-27)
Author Location pl7 (19-27)
Epitope IRLRPGGKK
Immunogen HIV-1 infection
Species (MHC) human (B27)
References |Day et al.[2001

HXB2 Location p17 (19-27)
Author Location pl17 (19-27)
Epitope IRLRPGGKK
Epitope name 1K9
Immunogen HIV-1 infection
Species (MHC) human (B27)
Keywords immunodominance, escape
References |Goulder ez al.[2001b
» This B27 epitope is generally recognized only if there is escape
in the B27 dominant epitope, p24 KRWIILGLNK.

HXB2 Location p17 (19-27)
Author Location Gag
Epitope IRLRPGGKK
Epitope name 1K9
Immunogen HIV-1 infection
Species (MHC) human (B27)
Donor MHC A26, B27
Assay type CDS8 T-cell Elispot - IFNy
Keywords responses in children, rate of progression, im-
munodominance, escape
References Feeney et al.|2004
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* Viral load in a perinatally infected child remained low until
emergence of an escape variant (kTwiilglnk) in the immuno-
dominant CTL epitope KRWIILGLNK when the child was 7.4
years old. The emergence of this escape mutation was followed
by an increase in viremia and an increase in the number of
targeted CTL epitopes, measured again when the child was
9.2 years old. A low level response to IK9 was the only other
epitope recognized prior to the loss of immune control and
broadening of the response, and was detected in the 7.4 year
sample.

HXB2 Location p17 (19-27)
Author Location pl17 (19-27)
Epitope IRLRPGGKK
Immunogen HIV-1 infection
Species (MHC) human (B27)
Donor MHC Al, A3, B8, B35
Country United States.
Assay type Intracellular cytokine staining, Flow cytomet-
ric T-cell cytokine assay
Keywords HAART, ART, escape, variant -cross-
recognition or cross-neutralization
References |Casazza et al.|2005
Evidence of continued viral evolution during HAART therapy
despite low viral load was found in 1/5 patients studied.
* The dominant viral sequence was irlrpggRk, found in 12/15
clones, while the screening sequence IRLRPGGKK was found
in 3/15 clones. The least frequent variant stimulated the strong-
est response.
IRLRPGGKK was previously characterized as a B27 optimized
epitope, which is a mismatch with patient’s HLA.

HXB2 Location p17 (19-28)
Author Location Gag
Epitope IRLRPGGKKK
Epitope name 1271
Subtype multiple
Immunogen HIV-1 infection
Species (MHC) human (A11, A3, B62)
Donor MHC A03, Al1, B14, B51, Cw08, Cw13
Country United States.
Assay type T-cell Elispot
Keywords binding affinity, computational epitope predic-
tion, cross-presentation by different HLA
References [De Groot ef al.2003
» Epitopes defined using sequence parsing and matching algo-
rithm Conservatrix, and epitope prediction tool EpiMatrix,
were shown to be conserved in a broad range of HIV-1 se-
quences derived from different parts of the world. 31 novel
highly conserved HIV-1 epitopes were found, among which
four were recognized as promiscuous epitopes and five as MHC
supertypes.
» Estimated binding probability for IRLRPGGKKK:43% Pro-
miscuous epitope binding to A03, B62, Bw62 and Al1.

HXB2 Location pl17 (20-28)
Author Location p17 (20-28)
Epitope RLRPGGKKK
Immunogen HIV-1 infection
Species (MHC) human (A*03)
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Keywords review, escape
References |Goulder ef al.|1997¢} |Goulder et al.|1997a)

* HLA-identical sibling hemophiliac brothers were both infected
with the same batch of factor VIII.

» They were tested 6-8 years after infection. One had a response
to gag A3 epitope RLRPGGKKK, the other non-responder
carried the sequence RLRPGGKKC.

* (Goulder et al.|[[1997a] is a review of immune escape that sum-
marizes this study.

HXB2 Location p17 (20-28)
Author Location p17 (20-28)
Epitope RLRPGGKKK
Immunogen HIV-1 infection
Species (MHC) human (A*0301)
Keywords optimal epitope
References [Frahm et al.|2007
e C. Brander notes that this is an A*0301.

HXB2 Location p17 (20-28)

Author Location pl7
Epitope RLRPGGKKK
Immunogen HIV-1 infection
Species (MHC) human (A*0301)
Keywords acute/early infection
References |Wilson et al.|2000a

* Three individuals with highly focused HIV-specific CTL re-
sponses were studied during acute infection using tetramers —
high frequencies of HIV-1-specific CD8+ T cells were found
prior to seroconversion, and there was a close temporal rela-
tionship between the number of circulating HIV-specific T cells
and viral load was also found.
All three patients were B*¥2705, with HLA alleles: A1, A30/31,
B*2705, B35; A1, A*0301, B7, B2705; and A*0201, A*0301,
B2705, B39.
ELISPOT was used to test a panel of CTL epitopes that had
been defined earlier and were appropriate for the HLA haplo-
types of the study subjects — 3/3 subjects showed a dominant
response to the B*2705 epitope KRWIILGGLNK.

The subject with A*0201 had a moderately strong response to
SLYNTVATL.
Weak responses were observed to A*301-RLRPGGKKK,
A*301-QVPLRPMTYK, and B7-TPGPGVRYPL in the subject
who was HLA Al, A*0301, B7, B*2705.

No acute response was detected to the following epi-
topes: A*201-ILKEPVHGYV, A*301-KIRLRPGGK, A*301-
AIFQSSMTK, A*301-TVYYGVPVWK, B35-EPIVGAETF,
B35-HPDIVIYQY, B35-PPIPVGELY, B35-NSSKVSQNY,
B35-VPLRPMTY, B35-DPNPQEV VL.

HXB2 Location p17 (20-28)
Author Location pl17 (20-28 SF2)
Epitope RLRPGGKKK
Immunogen HIV-1 infection
Species (MHC) human (A*0301)
References |Altfeld et al.|2001a
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¢ HIV+ individual AC-06 was tested for reactive overlapping
peptides spanning all HIV-1 proteins in an ELISPOT and was
found to react with 12 peptides from 7 proteins, suggesting that
the breadth of CTL responses are underestimated if accessory
proteins are not included in the study.

* The reactive peptide p17 gag WEKIRLRPGGKKKYK con-
tained two A*0301-restricted epitopes, KIRLRPGGK and RL-
RPGGKKK A*0301.

HXB2 Location p17 (20-28)
Author Location p17 (20-28)
Epitope RLRPGGKKK
Epitope name RK9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A*0301)
Donor MHC A3, All, B35, B51
Keywords mother-to-infant transmission
References [Sabbaj et al.|2002

» [FNgamma T-cell responses in breast milk of 5 HIV-1 infected
women from the US and 6 from Zambia were tested using
Elispot. 11/11 women responded to Gag, 8/11 responded to
Pol, 7/11 women to Nef, and 2/5 women to Env peptide pools.
These responses were shown to be primarily due to CD8+ T-
cells in one woman, and another woman had cytolytic responses
measured by Cr-release.

 Tetramer analysis of breast milk and peripheral blood samples
of one volunteer showed responses to RLRPGGKKK in both
compartments, 0.65% of CD3+/CD8+ cells in breast milk, and
0.22% of CD3+/CD8+ cells in peripheral blood cells.

» The frequencies of responses in the two compartments differed,
and 2/4 women who responded to epitopes in Nef 101-205 and
Pol 601-710 showed responses in breast milk but no detectable
responses in peripheral blood cells.

HXB2 Location p17 (20-28)
Author Location Gag (20-28)
Epitope RLRPGGKKK
Epitope name RK9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A*0301)
Donor MHC A*0201, A*0301, B*3501, B*51, Cw*04,
Cw*06
Country United States.
Assay type CDS8 T-cell Elispot - IFNY, Intracellular cyto-
kine staining, Chromium-release assay
Keywords escape, acute/early infection, characterizing
CD8+ T cells
References [Bansal ez al.|2005
« Patients with acute or early infection were shown to preferen-
tially target variable peptides with higher entropy while those
with chronic infection showed responses towards more con-
served peptides with lower entropy. In longitudinally followed
subjects, responses to variable proteins declined over time
while responses to conserved proteins increased. The decline
is suggested to be due to CTL escape.
rlrpggkkQ escape mutant showed drastically reduced avidity.
The response to this peptide was not apparent until month 20,
by month 32 the escape variant was present.
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HXB2 Location p17 (20-28)
Author Location pl7
Epitope RLRPGGKKK
Subtype A
Immunogen HIV-1 infection
Species (MHC) human (A*0301)
Donor MHC A*0101, A*0301, B*0801; A*0201, A*3101,
B*3501, B*3905
Country United Kingdom.
Assay type CDS8 T-cell Elispot - IFNy, HLA binding
Keywords escape, acute/early infection, variant cross-
recognition or cross-neutralization
References |Milicic et al.[2005
* CTL responses and escape were analyzed in 4 homosexual
couples where blood samples were available within weeks
of estimated transmission. CTL escape variants were often
transmitted. When the recipient had the same HLA type as the
donor, CTL escape variants prevented a CTL response to those
epitopes in the recipient. Even when the HLA alleles were
different in the transmitting couple, a single escape mutation
in one epitope can abolish CTL recognition of an overlapping
epitope of distinct restriction in the recipient.
Certain escape mutations in RLRPGGKKK, rlrpggkkQ, rlrpg-
gkkR and rlrpggkkT, resulted in nearly complete reduction
in binding affinity for A*0301. The form that was transmit-
ted in one of the donor pairs was rlrpggRkk, and it binds to
A*0301 with comparable affinity to RLRPGGKKK. However,
an escape variant was on the rise in the donor near the time
of transmission, rlrpggRKT, which eventually came to fixa-
tion in the donor, illustrating the importance of the timing of
transmission regarding which variant is transmitted.
A*0301 epitopes RLRPGGKKK and KIRLRPGGK, and
B*0801 epitope GGKKKYRL, overlap. In 1 donor, the trans-
mitted virus carried the escape form for 2 of these epitopes. The
double substitution kirlrpggR results in escape from response in
the donor. Similarly, the double substitution ggRkkyKI results
in escape for this epitope.

HXB2 Location p17 (20-28)
Author Location p17 (20-28)
Epitope RLRPGGKKK
Immunogen HIV-1 infection
Species (MHC) human (A3)
References |Goulder ef al.|2000c
* Two clonal CTL responses were generated in donor 021-BMC
(HLA A3/3001, B42/-, Cw17/-) against different optimal ver-
sions of this epitope, one nine amino acids long, one ten.
* A previously described optimal A3 epitope overlapping this
region, KIRLRPGGK, was not recognized by CTL from 021-
BMC.

HXB2 Location p17 (20-28)
Author Location p17 (20-28)
Epitope RLRPGGKKK
Immunogen HIV-1 infection
Species (MHC) human (A3)
References |Goulder et al.|1997f
* A control CTL line that reacts with this peptide was included
in the study.
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HXB2 Location p17 (20-28)
Author Location p17 (20-28)
Epitope RLRPGGKKK
Immunogen HIV-1 infection
Species (MHC) human (A3)
Keywords subtype comparisons
References |Cao et al.l|1997a
* The consensus peptide of A, B, and D clade viruses is RLRPG-
GKKK.
* The consensus peptide of C clade viruses is RLRPGGKKH
and is equally reactive.

HXB2 Location p17 (20-28)

Author Location pl7 (SF2)
Epitope RLRPGGKKK
Immunogen HIV-1 infection
Species (MHC) human (A3)
Keywords subtype comparisons, immunodominance
References |Goulder ez al.|2000a

* WEKIRLRPGGKKKYKLK was the target of the dominant
response in Caucasoids (38%) more frequently than non-
Caucasoids (12%) — 7/10 that had a dominant response to
this epitope were A3, and 5/7 targeted RLRPGGKKK while
2/7 targeted KIRLRPGGK.
Three peptides GSEELRSLYNTVATL (p17 residues 71-85),
SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRL-
RPGGKKKYKLK (p17 16-30) contained the dominant Gag-
specific epitope in 31/44 B-clade infected individuals from
Boston who showed Gag-CTL responses.
Five peptides RLRPGGKKHYMIKHLVW (p17 20-36),
ELRSLYNTVATLYCV (p17Gag 74-88), SALSEGATPQDL-
NTMLNTVG (p24 41-60), FRDY VDRFFKTLRAEQA (p24
161-177), and SILDIKQGKEPFRDY (p24 149-164) contained
dominant Gag-specific epitopes in 32/37 C-clade infected sub-
jects from South Africa.

HXB2 Location p17 (20-28)

Author Location p17 (20-28 SF2)
Epitope RLRPGGKKK
Immunogen HIV-1 infection
Species (MHC) human (A3)
Keywords HAART, ART, acute/early infection
References |Altfeld et al.[2001b

e Therapy provided during acute infection resulted in a narrower
CTL response, stronger T help response, and a less diverse
viral population than was seen in individuals treated during
chronic infection.
The breadth and specificity of the response was deter-
mined using ELISPOT by studying 19 individuals with pre-
seroconversion therapy (Group 1), 11 individuals with primary
infection but post-seroconversion therapy (Group 2), and 10
individuals who responded to HAART given during chronic
infection (Group 3), using 259 overlapping peptides spanning
pl7, p24, RT, gp41, gp120 and Nef.
Previously described and newly defined optimal epitopes were
tested for CTL response.
Number of HLA-A3+ individuals that had a CTL response to
this epitope broken down by group: 5/7 group 1, 2/4 group 2,
and 2/2 group 3.
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HXB2 Location p17 (20-28)
Author Location pl17 (20-28)
Epitope RLRPGGKKK
Immunogen HIV-1 infection
Species (MHC) human (A3)
Keywords rate of progression, acute/early infection
References |Day et al.[2001
* The CTL response to optimally defined CTL epitopes restricted
by HLA class I A and B alleles in individuals who coexpressed
HLA A2, A3, and B7 was studied in eight HIV-1-infected
subjects, two with acute infection, five with chronic, and one
long-term non-progressor (LTNP)
2 to 17 epitopes were recognized in a given individual, A2-
restricted CTL response tended to be narrow and never domi-
nated the response, and 25/27 epitopes were targeted by at least
one person.
All patients recognized at least 1 A3 epitope, up to 8 A3 epi-
topes, but none was clearly dominant.

HXB2 Location p17 (20-28)

Author Location p17 (20-28)

Epitope RLRPGGKKK

Epitope name RK9
Immunogen HIV-1 infection

Species (MHC) human (A3)
Keywords acute/early infection
References |Goulder ez al.[2001b

* Responses to this dominant A3-restricted Gag epitope are
present during the time of decreasing viral load in acute in-
fection.

* Mutations in this epitope were observed in autologous clones
of subjects who were A3-positive with a higher frequency than
those who were A3-negative (P = 0.0002)

» These mutations are being sexually transmitted in adult infec-
tions.

HXB2 Location p17 (20-28)
Author Location
Epitope RLRPGGKKK
Epitope name Gag-RK9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A3)
References Sabbaj er al.[2003
* Among HIV+ individuals who carried HLA A03, 7/20 (35%)
recognized this epitope.

HXB2 Location p17 (20-28)
Author Location p17 (20-28)
Epitope RLRPGGKKK
Epitope name A3-RK9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A3)
Donor MHC A3, B7, Cw7
Keywords dynamics, supervised treatment interruptions
(STI), immunodominance, acute/early infec-
tion
References [Yu ez al.l2002a
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¢ CTL responses in 18 acutely HIV-infected HLA-A3 (n=7) or
-B7 (n=4) or both -A3 and B7 (n=7) positive individuals were
studied.

One individual, AC-06 was homozygous at all three class I
alleles (A3, B7, Cw7), was treated during acute infection and
had supervised treatment interruptions (STI). He had only two
detectable CTL responses during acute infection, but after STI
this broadened to 27 distinct epitopes including 15 restricted
by HLA-A3, 11 by HLA-B7, and 1 by HLA-Cw7.

8/14 HLA-A3 positive individuals had detectable A3-restricted
responses during acute infection. Only 5/15 of HLA-A3 epi-
topes tested were targeted during acute infection. 7/8 indi-
viduals with acute responses had specific responses for this
epitope.

KIRLRPGGK and RLRPGGKKK were the most commonly
recognized HLA-A3 epitopes during acute infection, after 1
year of treatment, and after STI. RLRPGGKKK was immu-
nodominant during acute infection and throughout the study
period in the 5/6 individuals who targeted it.

HXB2 Location p17 (20-28)

Author Location Gag (LAI)
Epitope RLRPGGKKK
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A3)
Keywords class I down-regulation by Nef
References [Lewinsohn ef al.|2002

* CTL kill targets through releasing perforin, that forms pores in
the plasma membrane, and granzymes, that induce apoptosis.
Vpr is capable of arresting infected cells in the G2 phase, and it
was hypothesized that Vpr may inhibit CTL-mediated apoptosis
because it interacts with the granzyme B molecular complex.
Vpr expression in the target cell did not inhibit epitope specific
lysis — neither perforin or granzyme mediated events were
inhibited, as measured by a Chromium release assay and a
TUNEL assay.
In contrast, deletion of Nef, which is thought to protect primary
HIV infected cells by down-regulating cell-surface expression
of MHC class I complexes, increased the susceptibility of
HIV-1 infected cells to CTL mediated killing 2-fold using the
TUNEL assay.

HXB2 Location p17 (20-28)
Author Location pl7
Epitope RLRPGGKKK
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A3)
Donor MHC A3, All, B35, B51
Keywords mother-to-infant transmission
References |Sabbaj et al.|2002
* IFNgamma T-cell responses in breast milk of 5 HIV-1 infected
women from the US and 6 from Zambia were tested with
using Elispot. 11/11 women responded to Gag, 8/11 responded
to Pol, 7/11 women to Nef, and 2/5 women to Env peptide
pools. These responses were shown to be primarily due to
CD8+ T-cells in one woman, and another woman had cytolytic
responses measured by Cr-release.
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e T-cells in breast milk from a volunteer who was HLA A3, All,
B35, B51 induced IFNgamma after stimulation with a peptide
that carries known A3 epitope RLRPGGKKK.

* The frequencies of responses in the two compartments differed,
and 2/4 women that responded to epitopes in Nef 101-205 and
Pol 601-710 showed responses in breast milk but no detectable
responses in peripheral blood cells.

HXB2 Location p17 (20-28)
Author Location pl17 (20-28)
Epitope RLRPGGKKK
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A3)
Donor MHC A*0201, A3, B44, B57, Cw5, Cwb6; Al, A3,
B7, B14, Cw*0702, Cw*0802; Al, A3, B8,
B35; Al, A3, B8, B62, Cw3, Cw7
Assay type CDS8 T-cell Elispot - IFNy
Keywords acute/early infection, early-expressed proteins
References |Cao et al.|2003
All proteins were scanned and optimal epitopes were mapped in
a study of CD8+ gamma IFN T-cell responses in 21 men within
15-92 days post-HIV-1 infection. Subjects initially showed
narrow immune responses with a mean of 2.3 epitopes recog-
nized per patient. The immune response broadened later in
infection. No correlation between the plasma viral load and the
number of recognized epitopes or the frequency of IFN-gamma
secreting cells was observed, and there was no correlation be-
tween the functional avidity of responses and the abundance
of IFN-secreting cells that recognized the epitope. The first
epitopes to be recognized did not tend to be the most avid, and
earliest responses tended to be directed against Nef, Tat, Vpr,
and Env.
This epitope was recognized in four individuals during early
infection, each time presented by A3.
All HIV-1 proteins except Vpu were recognized, and responses
to a total of 41 optimal epitopes were characterized; 24 had
been identified previously. 48% of the total T-cell responses
were directed against Nef and 43% were directed against Gag.
More common HLA alleles were less frequently used in pri-
mary infection than less common alleles, for example A3, B35,
B57, and B62 were more frequently utilized than A1, A2, A30,
and A44.

HXB2 Location p17 (20-28)
Author Location pl17 (20-28)
Epitope RLRPGGKKK
Epitope name A3-RK9 Ga9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A3)
Assay type CDS8 T-cell Elispot - IFNy
Keywords supervised treatment interruptions (STI), es-
cape, early treatment, superinfection
References |Altfeld ez al.[2002a
* An HIV+ individual given acute ARV and undergoing STI
developed a strong CTL immune response, but despite this was
shown to be superinfected with second B clade virus. Some
epitope variants of the second infecting virus were resistant to
the initial CTL response.
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* The second infecting strain had the variant rlrpggkkT. The CTL
response declined over time, and the response to the second
variant was lower than to the first one throughout.

HXB2 Location p17 (20-28)

Author Location p17 (20-28)

Epitope RLRPGGKKK
Immunogen HIV-1 infection

Species (MHC) human (A3)

Donor MHC AO03, A32, B51, B15, Cw03, Cw06, DR4,
DRS, DQ7
Country Netherlands.
Assay type CD8 T-cell Elispot - IFNy
Keywords rate of progression, escape
References |Geels et al.l2003

Both stable potential epitopes and epitopes with escape muta-

tions were found in a patient with increasing viral load over a

time period of 4 years. Fixation of escape mutations occured

sequentially and correlated with the rise in viral load and with
the increased number of productively infected cells.

« This is one of 5 epitopes from this individual that varied over
time where the internal mutations became fixed; 4/5 epitopes
(all except p17 RLRPGGKKXK, this eptiope) showed a dramatic
decrease in CTL activity against the wild type epitope as the
mutation arose. The rlrpggkkR variant was found at 47 and
120 months post-seroconversion.

HXB2 Location p17 (20-28)
Author Location Gag
Epitope RLRPGGKKK
Immunogen HIV-1 infection
Species (MHC) human (A3)
Country Netherlands.
Assay type CDS8 T-cell Elispot - IFNy
Keywords HIV exposed persistently seronegative
(HEPS)
References [Koning ef al.[2004
¢ A high-risk seronegative group of 29 homosexual men showed
reduced cellular in vitro susceptibility for HIV infection and
enhanced production of RANTES compared to 15 men who
went on to seroconvert. Significantly higher frequencies of
HLA A*11, A*31 and Cw*15 were also found in the high risk
seronegative men. Both groups of men had low frequencies
of HIV-1 specific CD8+ T-cells, which may signify exposure
more than protection from infection.
* 0/5 HLA A3+ infection-resistant men, and 0/3 pre-
seroconversion men who went on to become infected, reacted
to this epitope.

HXB2 Location pl7 (20-28)
Author Location Gag (20-28)
Epitope RPRPGGKKK
Immunogen HIV-1 infection
Species (MHC) human (A3)

Assay type Cytokine production, proliferation, CD8 T-
cell Elispot - IFN7y, Tetramer binding, Intra-
cellular cytokine staining, Flow cytometric
T-cell cytokine assay

Keywords HAART, ART, memory cells, characterizing
CD8+ T cells
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References |Daniel et al.[2004

* CD4+ and CD8+ responses in chronically HIV-1 infected pa-
tients on HAART were weak with decreased polyclonality.
Only 33% of patients had CD4+ T-cells that could proliferate,
and only 22% had HIV-specific CD8+ T-cell responses, and
those rare responses showed low perforin levels and persistent
expression of CD27, indicating incomplete differentiation and
loss of lytic function.

HXB2 Location p17 (20-28)
Author Location p17 (20-28 B consensus)
Epitope RLRPGGKKK
Epitope name RK9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A3)
Country United States.
Assay type CDS8 T-cell Elispot - IFNY, Flow cytometric
T-cell cytokine assay
Keywords immunodominance, escape, acute/early infec-
tion, characterizing CD8+ T cells, reversion,
viral fitness
References |Allen et al.l[2004
KK9 and RK9 overlap, are presented by HLA-A3, and are
frequently immunodominant and involved in acute-phase pri-
mary responses. A mutation in the C-terminal flanking residue
of KK9 (K to Q) (kirlrpkkg-Q) inhibits processing of the im-
munodominant gag KK9 epitope, resulting in rapid decline in
the KK9 specific CD8+ T-cell response. At the same time it
abrogates the response to RK9 through the embedded mutation
rlrpggkQk. Transmission of this mutation to patients express-
ing HLA-A3 prevents acute-phase response to these epitopes,
although the mutation can eventually revert to wild-type allow-
ing a delayed response to the epitope.

HXB2 Location p17 (20-28)
Author Location (B consensus)
Epitope RLRPGGKKK
Epitope name RK9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A3)
Donor MHC A02, A03, B08, B62, Cw7, Cw10; AO1, A03,
B0§, B14, Cw7, Cw8
Country United States.

Assay type Cytokine production, Intracellular cytokine
staining, Chromium-release assay, Flow cyto-
metric T-cell cytokine assay

Keywords assay standardization/improvement, memory
cells, characterizing CD8+ T cells

References |[Lichterfeld e al.|2004c

* Using a flow-cytometric cytotoxicity assay based on caspase-3
activation in dying target cells, it was shown that the subset of
HIV-1-specific CD8+ T cells secreting both IFN-gamma and
TNF-alpha exhibit stronger cytotoxic activity than those secret-
ing only IFN-gamma. These cells also exhibited stronger in-
tracellular perforin expression. No association between HIV-1-
specific CD8+ T-cell maturation phenotypes and intracellular
perforin expression was found.

* 2/9 individuals recognized this epitope, presented by HLA-A3.
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HXB2 Location p17 (20-28)
Author Location Gag
Epitope RLRPGGKKK
Epitope name RK9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A3)
Assay type CD8 T-cell Elispot - IFNy
Keywords subtype comparisons, escape, characterizing
CD8+ T cells, reversion, viral fitness
References |Allen ef al.l2005a
» Two-thirds of all mutations arising in nonenvelope proteins dur-
ing the transition from acute to chronic infection were found
to be due to either CD8 T-cell-associated selective pressures
or reversion of HLA-I-associated mutations selected in a pre-
vious host. The predominance of escape mutations at highly
polymorphic sites was observed across different HIV-1 clades.
* One escape mutation, at position 9, rrlpggkkR, was found in
the most polymorphic residue in the epitope.This was shared
between clades B and C.

HXB2 Location p17 (20-28)
Author Location Gag (20-28 BRU)
Epitope RLRPGGKKK
Subtype B, CRF02_AG
Immunogen HIV-1 infection
Species (MHC) human (A3)
Country Cote D’Ivoire.
Assay type CDS8 T-cell Elispot - IFNy
Keywords subtype comparisons
References [Inwoley et al.|[2005
o CD8+ T-cells from HIV-1 CRF02_AG-infected Ivorians could
recognize clade B epitopes. No difference was observed in the
number of recognized peptide pools between nine French sub-
type B infected study subjects, and nine CRF02_AG infected
Ivorian subjects.
 This epitope was recognized by 0/9 CRF02_AG-infected Ivo-
rians, and 2/9 B-infected French subjects.

HXB2 Location p17 (20-28)
Author Location p24
Epitope RLRPGGKKK
Epitope name RK9
Immunogen
Species (MHC) (A3)

Keywords review, immunodominance, escape,
acute/early  infection, early-expressed
proteins, Kinetics, reversion, viral fitness

References [Lichterfeld et al.|2005
 This review discusses the importance of 3 factors that impact
the selection of immunodominant epitopes in acute HIV infec-
tion: i) the kinetics of viral protein expression, ii) the HLA
class I background of the infected individual, and iii) the autol-
ogous sequence of the infecting virus. This is 1 of 12 peptides
listed as immunodominant in acute HIV-1 infection.

HXB2 Location p17 (20-28)
Author Location Gag
Epitope RLRPGGKKK
Epitope name 1332
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Subtype multiple
Immunogen HIV-1 infection
Species (MHC) human (A3, A*0301, B62, B42)
Donor MHC AO03, A23, B49, B57; A03, A24, B27, B57,
Cw13, Cw18; A03, A26, B0S, B52
Country United States.
Assay type T-cell Elispot
Keywords binding affinity, computational epitope predic-
tion, immunodominance, cross-presentation
by different HLA
References [De Groot ef al.|2003
* Epitopes defined using sequence parsing and matching algo-
rithm Conservatrix, and epitope prediction tool EpiMatrix,
were shown to be conserved in a broad range of HIV-1 se-
quences derived from different parts of the world. 31 novel
highly conserved HIV-1 epitopes were found, among which
four were recognized as promiscuous epitopes and five as MHC
supertypes.
* Estimated binding probability for RLRPGGKKK: 34% Pro-
miscuous epitope binding to A03, A0301, B62,Bw62, B42.
Immunodominant epitope.

HXB2 Location p17 (20-28)
Author Location p17 (20-28)
Epitope RLRPGGKKK
Immunogen HIV-1 infection
Species (MHC) human (A3, A30, B42, B62)
Donor MHC A2, A31, B51, B58w4
Country United States.
Assay type Intracellular cytokine staining, Flow cytomet-
ric T-cell cytokine assay
Keywords HAART, ART, escape, variant cross-
recognition or cross-neutralization
References |Casazza et al.|2005

* Evidence of continued viral evolution during HAART therapy
despite low viral load was found in 1/5 patients studied.

* The majority of viral sequences prior to therapy were rlrpg-
gkkQ. At week 14 of therapy a major change in the viral qua-
sispecies occurred: the variants present were found to be rlrpg-
gkkK (14/16 clones) and rlrpggkkR (2/16 clones), both well
recognized by HIV-specific CD8 T cells. At week 19, the qua-
sispecies reverted back to the less well-recognized rlrpggkkQ
variant.

HXB2 Location p17 (20-28)
Author Location pl17 (20-28)
Epitope RLRPGGKKK
Immunogen HIV-1 infection
Species (MHC) human
Keywords immunodominance
References [Betts ef al.[2000

* Only 4/11 HLA-A2+ HIV+ individuals had CTL that reacted
to SLYNTVATL, calling into question whether it is immuno-
dominant.

* 95 optimally-defined peptides from this database were used to
screen for INFy responses to other epitopes.

* Three of the four individuals that responded to SLYNTVATL
recognized HIV epitopes, and one individual who was A*0201,
A31 and B51 and B58w4 recognized this epitope (previously
described as HLA A3.1), as well as one other.
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HXB2 Location p17 (20-29)
Author Location p17 (20-29)
Epitope RLRPGGKKKY
Immunogen HIV-1 infection
Species (MHC) human (A*0301)
References Brander & Walker] 1995
* Unpublished, C. Jassoy and Beatrice Culman, pers. comm.

HXB2 Location p17 (20-29)

Author Location pl7 (20-29 LAI)
Epitope RLRPGGKKKY
Subtype B

Immunogen HIV-1 infection
Species (MHC) human (A*0301)
References |Wilkens & Ruhl||1999
¢ Pers. comm., B. Wilkens and D. Ruhl.

HXB2 Location p17 (20-29)
Author Location pl7 (20-29 LAI)
Epitope RLRPGGKKKY
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A*0301)
Keywords optimal epitope
References [Frahm ez al.|2007
* C. Brander notes this is an A*0301 epitope.

HXB2 Location p17 (20-29)
Author Location (C consensus)
Epitope RLRPGGKKHY
Subtype C
Immunogen HIV-1 infection
Species (MHC) human (A*3002)
Country South Africa.
Assay type CD8 T-cell Elispot - IFNy
Keywords rate of progression, optimal epitope
References Kiepiela ef al.|2007
* A comprehensive analysis of 160 class I T cell responses in 578
individuals from KwaZulu-Natal, South Africa was performed.
Gag-specific responses were associated with lowering viremia,
while Env, accessory and regulatory protein-specific responses
were associated with higher viremia.
* RLRPGGKKHY is an optimal epitope.

HXB2 Location p17 (20-29)
Author Location p17 (20-29)
Epitope RLRPGGKKKY
Immunogen HIV-1 infection
Species (MHC) human (A3)
References |Goulder et al.|2000c
* Two clonal CTL responses were generated in donor 021-BMC
(HLA A3/3001, B42/-, Cw17/-) against different optimal ver-
sions of this epitope, one nine amino acids long, one ten.
* A previously described optimal A3 epitope overlapping this
region, KIRLRPGGK, was not recognized by CTL from 021-
BMC.

HXB2 Location p17 (20-29)
Author Location p17 (20-29)
Epitope RLRPGGKKKY
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Immunogen HIV-1 infection
Species (MHC) human (A3, A30, B42, B62)
Donor MHC A2, A3,B7,B44
Country United States.
Assay type Intracellular cytokine staining, Flow cytomet-
ric T-cell cytokine assay
Keywords HAART, ART, escape, variant -cross-
recognition or cross-neutralization
References |(Casazza et al.|2005
* Evidence of continued viral evolution during HAART therapy
despite low viral load was found in 1/5 patients studied.
* The epitope RLRPGGKKKY was invariant (18/18 sequences)
prior to therapy in the patient that recognized it.

HXB2 Location p17 (20-29)
Author Location pl7 (20-29)
Epitope RLRPGGKKKY
Epitope name RY10
Immunogen HIV-1 infection
Species (MHC) human (A30)
Donor MHC A*24, A*30, B*39, B*47, Cw*12, Cw*17,
A*30, B¥18, B*40, Cw*02, Cw*05
Assay type CDS8 T-cell Elispot - IFNy
Keywords responses in children, mother-to-infant trans-
mission, escape, acute/early infection, rever-
sion, viral fitness
References |Sanchez-Merino et al.[2005
CD8 T-cell responses were examined in mother-infant pairs.
Escape variants were commonly detected in maternal plasma.
Early infant plasma viruses showed heterogeneity of gag and
nef gene sequences as well as mother-to-child transmission of
CDS8 T-cell escape variants. The stability of escape mutants in
the infant over time was determined by infant HLA haplotype
and viral fitness. Sequential plasma specimens from infants
showed changes in CD8 T-cell epitope sequences, suggesting
that infants are capable of generating virus-specific CD8 T-cell
responses.
RLRPGGKKKY was recognized in 2 mothers, and is an A*30
epitope. The variant RLRPGGKKqY was found in 9/10 of 1
mother’s sequences. This form was transmitted to her child, and
10/10 clones were this variant at months 2 and 6 in the infant;
by month 12, 9/10 were RLRPGGKKqY. RLRPGGKKTrY was
the form found in the other mother. The variant gradually
diminished in frequency in her child, 10/10 sequences at 2
months, 9/10 at 4 months, and 6/10 at 12 months.

HXB2 Location pl17 (20-29)
Author Location p17 (20-29)
Epitope RLRPGGKKKY
Immunogen HIV-1 infection
Species (MHC) human (A30, A*0301)
Keywords immunodominance
References [Betts et all2000
* Only 4/11 HLA-A2+ HIV+ individuals had CTL that reacted
to SLYNTVATL, calling into question whether it is immuno-
dominant.
* 95 optimally-defined peptides from this database were used to
screen for INFy responses to other epitopes.
* 1/11 of the A2+ individuals was A30, and one was A3, and
both responded to RLRPGGKKKY.
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e The A2+ A3 individual also reacted with two other A3.1 epi-
topes.

HXB2 Location p17 (20-29)
Author Location pl7 (20-29 IIIB)
Epitope RLRPGGKKKY
Immunogen HIV-1 infection
Species (MHC) human (B42)
Keywords responses in children, mother-to-infant trans-
mission
References [Wilson et al.ll1996
 Epitope defined in the context of the Pediatric AIDS Founda-
tion ARIEL Project, a mother-infant HIV transmission study.
* RLRPGGKKRY, a naturally occurring variant, was found in
non-transmitting mother and is recognized.
* Binds HLA-A3 and Bw62 as well.

HXB2 Location p17 (20-29)
Author Location p17 (20-29)
Epitope RLRPGGKKKY
Immunogen HIV-1 infection
Species (MHC) human (B42, B62)
References |Ferrari et al.|2000
* One of the 51 HIV-1 epitopes selected by Ferrari et al. as
good candidate CTL epitopes for vaccines by virtue of being
conserved and presented by common HLA alleles.

HXB2 Location p17 (20-29)
Author Location p17 (20-29 LAI)
Epitope RLRPGGKKKY
Subtype B
Immunogen
Species (MHC) human (B62)
Keywords review
References [McMichael & Walkerl1994
* Review of HIV CTL epitopes.
* Also P. Johnson, pers. comm.

HXB2 Location p17 (20-29)
Author Location p17 (20-29)
Epitope RLRPGGKKKY
Immunogen HIV-1 infection
Species (MHC) human (B62)
References |Brodie ez al.[2000

Study tracks and quantifies in vivo migration of neo-marked
CD8+ HIV-specific CTL.

Adoptively transferred gene-marked HIV-specific CTL homed
to specific lymph node sites, colocalizing within the parafol-
licular regions of the lymph node adjacent to cells expressing
HIV tat-fusion transcripts, indicative of viral replication.
* The CTL clones expressed CCRS and localized among
HIV-1 infected cells expressing MIP-1oc and MIP-18, CC-
chemokines produced at sites of viral replication, suggesting a
possible homing mechanism.
This study provides a methodology for tracking and studying
antigen specific CTL in vivo.

HXB2 Location p17 (20-29)
Author Location Gag (20-29)
Epitope RLRPGGKKKY
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Epitope name RY10
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B62)
Donor MHC A*01, A*11, B*08, B*15, Cw*04, Cw*07
Country United States.
Assay type CD8 T-cell Elispot - IFNy, Chromium-release
assay, Flow cytometric T-cell cytokine assay
Keywords escape, variant cross-recognition or cross-
neutralization
References |[Koibuchi ez al.[2005

* HIV-1-specific CD8 T-cell responses were shown to be per-
sistent in the chronic phase of HIV-1 infection, although the
responses to some of the epitopes were declining despite the
persistence of the targeted sequences in vivo. Only 4/14 epi-
topes were potential CTL escape variants, although strong
responses to these epitopes persisted for 6 years. This indicates
limited viral evolution within targeted CD8 T-cell epitopes
during the chronic phase of infection.

* The RY10 variant RLRPGGrKKY was the only form of the
epitope detected over a 5 year time period in this person. Eli-
spot reactions were stronger to the autologous form than to
RLRPGGKKKY, the B clade consensus form.

HXB2 Location p17 (20-30)
Author Location p17 (SF2)
Epitope RLRPGGKKKYK
Immunogen HIV-1 infection
Species (MHC) human
Keywords subtype comparisons, immunodominance
References |Goulder ez al.|2000a
* WEKIRLRPGGKKKYKLK was the target of the dominant
response in Caucasoids (38%) more frequently than non-
Caucasoids (12%) — the dominant response in a Haitian immi-
grant living in Boston who was HLA A24/29 B7/B44 Cw6/7
was to this epitope, although the restricting element was not
determined.
Three peptides GSEELRSLYNTVATL (p17 residues 71-85),
SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRL-
RPGGKKKYKILK (pl17 16-30) contained the dominant Gag-
specific epitope in 31/44 B-clade infected individuals from
Boston who showed Gag-CTL responses.
Five peptides RLRPGGKKHYMIKHLVW (p17 20-36),
ELRSLYNTVATLYCV (p17Gag 74-88), SALSEGATPQDL-
NTMLNTVG (p24 41-60), FRDY VDRFFKTLRAEQA (p24
161-177), and SILDIKQGKEPFRDY (p24 149-164) contained
dominant Gag-specific epitopes in 32/37 C-clade infected sub-
jects from South Africa.

HXB2 Location pl17 (20-35)

Author Location p17 (90-105 SF2)
Epitope CLRPGGKKKYKLKHIV
Immunogen HIV-1 infection
Species (MHC) human
References |Lieberman ez al.ll1997a

* Of 25 patients, most had CTL specific for more than 1 HIV-1

protein.
* Twelve subjects had CTL that could recognize vaccinia-

expressed LAI gag.
* One of these 12 had CTL response to this peptide.
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* The responding subject was HLA A-2, A-24, B-13, B-35.

HXB2 Location p17 (21-35)
Author Location Gag
Epitope LRPGGKKKYKLKHIV
Immunogen HIV-1 infection
Species (MHC) human (A3)
Keywords TCR usage
References |[Weekes et al.l|[1999b
Peptide 703.3: Almost all CD8+ T cells are CD28+ at birth,
and the proportion of CD28-CD8+ cells increases with age —
this study examines the contribution of CD8+CD28- cells to
CTL memory pools for CTL clones specific for two persistent
human viruses, CMV and HIV - clones were found to be
similarly distributed in the CD28 depleted cell population.
e HIV CTL responses to 3 Env and 2 Gag peptides were studied.
The clonal composition of the TCR V3 responses was studied
and was found to be highly focused, with one TCR beta-chain
sequence tending to dominate the peptide-specific response —
clones to this epitope were VB13.1 and V35.2.

HXB2 Location p17 (21-35)
Author Location p17 (21-35)
Epitope LRPGGKKKYKLKHIV
Immunogen
Species (MHC) human (B8)
References Nixon & McMichael|[1991
* Two CTL epitopes defined (see also p24(191-205))

HXB2 Location p17 (21-35)
Author Location p17 (21-35)
Epitope LRPGGKKKYKLKHIV
Immunogen HIV-1 infection
Species (MHC) human (not BS)
References van Baalen et al.|1996
* Unknown HLA specificity, but not BS.

HXB2 Location p17 (21-35)
Author Location Gag
Epitope LRPGGKKKYKLKHIV
Immunogen HIV-1 infection
Species (MHC) human
References [Weekes er al.l|]1999a
 Peptide 703.3: Memory CTL specific for HIV-1 may contribute
to oligoclonal expansions within the CD57+ CD28- CD8+ CTL
populations.

HXB2 Location p17 (21-35)
Author Location pl17 (91-105 SF2)
Epitope LRPGGKKKYKLKHIV
Immunogen HIV-1 infection
Species (MHC) human
References |Lieberman et al.l|[1997a
» Of 25 patients, most had CTL specific for more than 1 HIV-1
protein.
* Twelve subjects had CTL that could recognize vaccinia-
expressed LAI gag.
* One of these 12 had CTL response to this peptide.
* The responding subject was HLA-A1, A2, B50, B57.

HXB2 Location pl17 (21-35)
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Author Location pl7 (24-31)

Epitope LRPGGKKKYRLKHLV
Subtype A, D
Immunogen HIV-1 infection
Species (MHC) human
Donor MHC A*6601, A*6801, B*5301, B*5802; A*3002,
A*6801, B*5703, B*5802
Country Uganda.
Assay type CDS8 T-cell Elispot - IFNy
Keywords subtype comparisons,  variant  cross-
recognition or cross-neutralization
References |Barugahare et al.|[2005
* T-cell immune responses were examined in HIV-1 infected
Ugandans. Similar levels of cross-clade responses for Gag,
Env and Nef were observed. Higher frequencies of responses
in conserved regions were found for Gag within a single clade,
while areas with higher viral sequence variation had fewer
detectable responses. Differential interclade sequence homolo-
gies between the Gag regions did not affect the respective level
of cross-clade recognition.
The sequence contains a known B8 epitope, but the subjects
recognizing it were B8-negative. The autologous viral sequence
was lrpggkkkyKIlkhlv, and the peptide was recognized.

HXB2 Location p17 (21-40)

Author Location p17 (2140 subtype A)
Epitope LRPGGKKKYRLKHLVWASRE
Subtype A

Immunogen HIV-1 infection
Species (MHC) human (Cw4)
Keywords subtype comparisons
References |Dorrell et al.l[1999

* CTL responses in three individuals with non-clade B infections
were studied, 2 with subtype A infections, 1 with subtype C —
their infections all originated in East Africa.

* This epitope was defined in an A subtype infection — the B clade
variant (LRPGGKKKYKLKHIVWASRE) has two mutations
relative to the A subtype form, and the CTLs from this patient
were not A-B cross-reactive.

HXB2 Location pl17 (22-30)
Author Location p17 (22-30)
Epitope RPGGKKRYM
Subtype C
Immunogen HIV-1 infection
Species (MHC) human (B*35, Cw*0602)
Country India.
Assay type CD8 T-cell Elispot - IFNy
Keywords subtype comparisons, computational epitope
prediction, immunodominance
References [Thakar et al[2005
* PBMCs from HIV-1 infected Indian subjects were tested for
HIV-1 Gag (with C clade peptides), Nef (with B clade pep-
tides), and Env (clade unspecified) specific T-cell responses. 5
immunodominant regions conserved across clades were iden-
tified in Gag and Nef. 3 antigenic regions were found to be
recognized by CTLs in the Indian subjects; these regions were
not identified as immunodominant in studies from Africa. 26
epitopes were predicted within reactive peptides, of which 90%
were clustered in the conserved immunodominant regions of
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Gag and Nef. 3 of the epitopes were highly conserved across
clades, and 7 novel epitopes were found.
 This is a novel epitope that may be subtype C-specific.

HXB2 Location p17 (22-31)

Author Location Gag (22-31)

Epitope RPGGKKRYKL
Immunogen HIV-1 infection
Species (MHC) human (B7)
References in ez al.[2000b!

» This B7 epitope is one of three subdominant CTL responses
detected in a long-term non-progressor.

* A dominant B7 epitope was defined using conventional meth-
ods, and three additional sub-dominant HLA B7 epitopes were
defined by first using a non-anchor based strategy, EpiMatrix,
to identify 2078 possible epitopes in the autologous HIV-1,
followed by B7 anchor residue prediction to narrow the set to
55 peptides for experimental testing.

HXB2 Location pl17 (22-31)
Author Location pl7
Epitope RPGGKKKYKL
Subtype B, D
Immunogen HIV-1 infection
Species (MHC) human (Cw4)
Donor MHC A23, A34, B44, B53, Cw4, Cw6
Country Democratic Republic of the Congo.
Assay type CD8 T-cell Elispot - IFNy
Keywords subtype comparisons,  variant cross-
recognition or cross-neutralization
References |Geels et al.l2005
* Cross-clade CTL responses in 10 non-B HIV-1 infected indi-
viduals were evaluated. T-cell reactivity was tested against
peptide pools of clade B Gag, Pol, Nef, Rev and Tat. Nine indi-
viduals demonstrated cross-reactive T-cell responses to clade
A, B, and C Gag pools; 6/7 patients that responded to Nef-B
also reacted to clade A and C Nef pools. An inverse correlation
was observed between the sequence divergence of the HLA
class I restricted epitopes and the height of the T-cell responses,
which in Gag could be explained through variations in the
HLA-anchor residues. 42% of the responses were directed to
regions containing new epitopes.
 This previously described epitope was embedded in a B clade
peptide that was recognized by T-cells from an infected person
carrying subtype D Gag. The autologous epitope sequence had
an K5N change, RPGGnKKYKL.

HXB2 Location p17 (24-31)
Author Location pl7
Epitope GGKKKYKL
Epitope name GL8
Subtype A
Immunogen HIV-1 infection
Species (MHC) human (B*0801)
Donor MHC A*0101, A*0301, B*0801; A*0201, A*3101,
B*3501, B*3905
Country United Kingdom.
Assay type CDS8 T-cell Elispot - IFNy, HLA binding
Keywords escape, acute/early infection, variant cross-
recognition or cross-neutralization
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References Milicic et al.l[2005

» Escape mutation ggRkkyKIl in this epitope, GGKKKYRL, re-
sulted in failure of recognition by CTLs, and the ggkkQyRI
mutations resulted in 82% reduction in HLA binding affinity.
A*0301 epitopes RLRPGGKKK and KIRLRPGGK, and
B*0801 epitope GGKKKYRL, overlap. In 1 donor, the trans-
mitted virus carried the escape form for 2 of these epitopes. The
double substitution kirlrpggR results in escape from response in
the donor. Similarly, the double substitution ggRkkyKI results
in escape for this epitope.

HXB2 Location p17 (24-31)
Author Location pl7 (24-31)
Epitope GGKKKYKL
Immunogen
Species (MHC) human (BS8)
References |Goulder ez al.|1997g

The crystal structure of this peptide bound to HLA-B8 was
used to predict new epitopes and the consequences of epitope
variation.

The predictions were experimentally confirmed.

The anchors for HLA-BS epitopes, as defined by peptide elu-
tion data, are P3 (K), P5 (K/R), and P8 (L).

Structural data suggests that a positive charge at P5 is essential,
but that the constraints on P3 may be less severe.

Small hydrophobic residues at P2 may be favorable for binding.
A spacious F-pocket favors mid-sized hydrophobic residues in
the C-term anchor.

HXB2 Location p17 (24-31)
Author Location pl17 (24-31 SF2)
Epitope GGKKKYKL
Immunogen HIV-1 infection
Species (MHC) human (BS)
Keywords subtype comparisons
References [IMcAdam et al.|1998
* CTL from a patient infected with clade B virus did not recog-
nize Ugandan variants of this epitope.

HXB2 Location pl17 (24-31)

Author Location pl7 (24-31 LAI)

Epitope GGKKKYKL
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (BS)
Keywords TCR usage
References [Reid et all1996

* The variants 7R: GGKKKYRL, 7Q: GGKKKYQL, 5R:
GGKKRYKL, and 3R: GGRKKYKL, were studied.

* Crystal structures were obtained to study these peptides in
the context of HLA-BS8, and CTL binding and activity were
determined.

* 3R has been detected in 3 patients, and it abolishes recogni-
tion causing extensive conformational changes upon binding
including MHC main chain movement.

* 7Q and 7R alter the TCR exposed surface, and retain some
recognition.

» Reactivity of SR depends on the T cell clone, this amino acid
is embedded in the C pocket of B8 when the peptide is bound.
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* Optimal peptide is 8-mer, not 9-mer, and positions 3, 5, and 8
are the anchor residues.

HXB2 Location pl17 (24-31)
Author Location pl7 (24-31 LAI)
Epitope GGKKKYKL
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B8)
References |Price et al.|[1997
* A weak CTL response to the index peptide was observed in an
HLA-B8+ infected individual.
* Sequences from the earliest available time point showed that
a variant at position 5, an anchor residue, GGKKQYKL, was
present.

HXB2 Location p17 (24-31)
Author Location pl7
Epitope GGKKKYKKL
Immunogen HIV-1 infection
Species (MHC) human (B8)
Keywords HAART, ART
References |Seth et al.|2001
* CTL responses were studied by tetramer staining in 41 patients
with combination therapy — activated CD8+ T-cells decline as
the viral load drops in response to therapy, but the overall level
of antigen-specific cells capable of differentiating into effectors
stays constant and new epitopes may be recognized.

HXB2 Location p17 (24-31)
Author Location p17 (24-31 SF2)
Epitope GGKKKYKL
Immunogen HIV-1 infection
Species (MHC) human (B8)
Keywords HAART, ART, acute/early infection
References |Altfeld et al.[2001b
 Therapy provided during acute infection resulted in a narrower
CTL response, stronger T help response, and a less diverse
viral population than was seen in individuals treated during
chronic infection.
The breadth and specificity of the response was deter-
mined using ELISPOT by studying 19 individuals with pre-
seroconversion therapy (Group 1), 11 individuals with primary
infection but post-seroconversion therapy (Group 2), and 10
individuals who responded to HAART given during chronic
infection (Group 3), using 259 overlapping peptides spanning
pl7, p24, RT, gp41, gp120 and Nef.
Previously described and newly defined optimal epitopes were
tested for CTL response.
Number of HLA-B8+ individuals that had a CTL response to
this epitope broken down by group: 0/3 group 1, 1/3 group 2,
and 2/2 group 3.

HXB2 Location pl17 (24-31)
Author Location pl17 (24-31)
Epitope GGKKKYRL
Immunogen HIV-1 infection, HIV-1 exposed seronegative
Species (MHC) human (B8)
Keywords HIV exposed persistently seronegative
(HEPS)
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References |[Kaul ez al.[2001a
* ELISPOT was used to study CTL responses to a panel of 54
predefined HIV-1 epitopes in 91 HIV-1-exposed, persistently
seronegative (HEPS) and 87 HIV-1-infected female Nairobi
sex workers.

HXB2 Location p17 (24-31)
Author Location pl7 (24-31)
Epitope GGKKKYKL
Immunogen HIV-1 infection
Species (MHC) human (BS8)
References |Day et al.[2001
» B8-restricted CTL accounted for about 1/3 of the total CTL
response in one individual.

HXB2 Location p17 (24-31)
Author Location pl17
Epitope GGKKKYKL
Immunogen HIV-1 infection
Species (MHC) human (BS)
Keywords binding affinity, review, subtype comparisons,
epitope processing, escape
References IMcMichael & Hankel[2002
* CTL response-eliciting vaccines are reviewed. The natural
epitope interactions with the HLA class I presenting molecules
and T-cell receptors are described, using the structure of this
epitope, taken from Reid ef al.|[[1996], as an example.

HXB2 Location p17 (24-31)
Author Location (B consensus)
Epitope GGKKKYKL
Epitope name GLS8
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (BS8)
Donor MHC AO01, A03, BOS, B14, Cw7, Cw8
Country United States.

Assay type Cytokine production, Intracellular cytokine
staining, Chromium-release assay, Flow cyto-
metric T-cell cytokine assay

Keywords assay standardization/improvement, memory
cells, characterizing CD8+ T cells

References |Lichterfeld et al.[2004c

* Using a flow-cytometric cytotoxicity assay based on caspase-3
activation in dying target cells, it was shown that the subset of
HIV-1-specific CD8+ T cells secreting both IFN-gamma and
TNF-alpha exhibit stronger cytotoxic activity than those secret-
ing only IFN-gamma. These cells also exhibited stronger in-
tracellular perforin expression. No association between HIV-1-
specific CD8+ T-cell maturation phenotypes and intracellular
perforin expression was found.

* 1/9 individuals recognized this epitope.

HXB2 Location pl17 (24-31)
Author Location p17
Epitope GGKKKYKL
Subtype B, D
Immunogen HIV-1 infection
Species (MHC) human (BS)
Donor MHC Al, Al, B8, B55, Cw3, Cw7
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Country Democratic Republic of the Congo.

Assay type CDS8 T-cell Elispot - IFNy

Keywords subtype comparisons

References |Geels et al.l2005
¢ Cross-clade CTL responses in 10 non-B HIV-1 infected indi-
viduals were evaluated. T-cell reactivity was tested against
peptide pools of clade B Gag, Pol, Nef, Rev and Tat. Nine indi-
viduals demonstrated cross-reactive T-cell responses to clade
A, B, and C Gag pools; 6/7 patients that responded to Nef-B
also reacted to clade A and C Nef pools. An inverse correlation
was observed between the sequence divergence of the HLA
class I restricted epitopes and the height of the T-cell responses,
which in Gag could be explained through variations in the
HLA-anchor residues. 42% of the responses were directed to
regions containing new epitopes.
This previously described epitope was embedded in a B clade
peptide that was recognized by T-cells from an infected person
carrying subtype D Gag. The autologous epitope sequence had
an L8M change, GGKKKYKm.

HXB2 Location p17 (24-31)
Author Location Gag (24-31 BRU)
Epitope GGKKKYKL
Subtype B, CRF02_AG
Immunogen HIV-1 infection
Species (MHC) human (B8)
Country Cote D’Ivoire.
Assay type CD8 T-cell Elispot - IFNy
Keywords subtype comparisons
References |Inwoley et al.[2005
¢ CD8+ T-cells from HIV-1 CRF02_AG-infected Ivorians could
recognize clade B epitopes. No difference was observed in the
number of recognized peptide pools between nine French sub-
type B infected study subjects, and nine CRF02_AG infected
Ivorian subjects.
« This epitope was recognized by 1/9 CRF02_AG-infected Ivo-
rians, and 0/9 B-infected French subjects.

HXB2 Location pl7 (24-31)
Author Location pl17 (24-31)
Epitope GGKKKYKL
Epitope name GL8
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B8)
Donor MHC A*03, A*31, B*08, B*15, Cw*04, Cw*07
Country United States.
Assay type CD8 T-cell Elispot - IFNy
Keywords responses in children, mother-to-infant trans-
mission, escape, characterizing CD8+ T cells,
reversion, viral fitness
References |Sanchez-Merino et al.l[2005
* CD8 T-cell responses were examined in mother-infant pairs.
Escape variants were commonly detected in maternal plasma.
Early infant plasma viruses showed heterogeneity of gag and
nef gene sequences as well as mother-to-child transmission of
CD8 T-cell escape variants. The stability of escape mutants in
the infant over time was determined by infant HLA haplotype
and viral fitness. Sequential plasma specimens from infants
showed changes in CD8 T-cell epitope sequences, suggesting
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that infants are capable of generating virus-specific CD8 T-cell
responses.

Variant sequence ggRkkykl was present in 10/10 clones from a
B8-positive mother, but decreased to 0/10 clones by 15 months
of age in her B8-negative child.

The variant ggRkkykl was present in 10/10 clones from a B8+
mother, was transmitted to her infant, and present in 10/10
clones at months 2 and 4, but decreased to 0/10 clones by 15
months of age in her B8- child.

HXB2 Location p17 (24-31)
Author Location p17 (24-31 HXB2)
Epitope GGKKKYKL
Epitope name GL8
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (BS)
Donor MHC A*0101, A*0201, B*0801, B*50, Cw*0602,
Cw*0701
Assay type CDS8 T-cell Elispot - IFNy
Keywords escape, immune evasion, reversion, viral fit-
ness, optimal epitope, HIV-1
References |Liu et al.|2006!

* T-cell immunity and the impact of selection were longitudinally
studied in a patient from the time of transmission. New epitopes
were detected at sites that were shown to be under positive
selection. Env was found to be the major target of CTLs and
most of the new epitopes were found here. One third of the
sites examined were associated with epitope escape mutations
from CTL. Acquisition of mutations found at high frequency in
the database was suggested to be a result of reversion of CTL
epitopes in the absence of immune targeting.

* GGKKKYKTf presumed escape variant was transmitted to an
HLA-B8 negative reipient from an HLA-B8 positive donor.
Reversions were found later, with loss of CTL pressure and
hypothesised gain of replicative fitness.

HXB2 Location pl17 (24-32)
Author Location p17 (24-32 LAI)
Epitope GGKKKYKLK
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B*0801)
Keywords optimal epitope
References [Frahm ez al.|2007
* C. Brander notes epitope to be presented by B*0801.

HXB2 Location p17 (24-32)
Author Location pl7 (24-32 LAI)
Epitope GGKKKYKLK
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (BS8)
References [Sutton ez al.[1993
* Exploration of HLA-B8 binding motif through peptide elution.

HXB2 Location pl7 (24-32)
Author Location p17 (24-32 LAI)
Epitope GGKKKYKLK
Subtype B
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Immunogen HIV-1 infection
Species (MHC) human (B8)
Keywords epitope processing
References [Rowland-Jones et al.[1993
* Study of an individual with partially defective antigen process-
ing.

HXB2 Location p17 (24-32)
Author Location pl17 (24-32)
Epitope GGKKKYKLK
Immunogen HIV-1 infection
Species (MHC) human (B8)
References |[Klenerman et al.[1994
e Naturally occurring variants GGKKKYQLK and
GGKKRYRLK may act as antagonists.

HXB2 Location pl17 (24-32)
Author Location pl7 (24-32)
Epitope GGKKKYKLK
Immunogen HIV-1 infection
Species (MHC) human (B8)
References [Klenerman et al.|1995
* Naturally occurring antagonist GGKKKYQLK found in viral
PBMC DNA and RNA.

HXB2 Location p17 (24-32)
Author Location pl7 (24-32)
Epitope GGKKKYKLK
Immunogen HIV-1 infection
Species (MHC) human (B8)
Keywords escape
References [Nowak et all1995
» Longitudinal study of CTL response and immune escape — the
variant GGRKKYKLK binds to HLA-B8 but is not reactive.

HXB2 Location pl17 (24-32)
Author Location pl7 (24-32)
Epitope GGKKKYKLK
Immunogen HIV-1 infection
Species (MHC) human (B8)
References |Dyer et al.|1999
* CTL specific responses were measured over a 1.3 to 1.5 year
period in members of the Sydney Blood Bank Cohort (SBBC)
who had been infected with a natural attenuated strain of HIV-1
that was Nef-defective.
* Some of these patients had prolonged high levels of CTL effec-
tor and memory cells despite low viral load.

HXB2 Location p17 (24-32)
Author Location pl7
Epitope GGKKKYKLK
Immunogen
Species (MHC) human (B8)
References [Rowland-Jones ez al.l[1999
* CTL responses in seronegative highly HIV-exposed African
female sex workers in Gambia and Nairobi were studied — these
women had no delta 32 deletion in CCRS.
* In Gambia there is exposure to both HIV-1 and HIV-2, CTL
responses to B35 epitopes in exposed, uninfected women are
cross-reactive, and the B35 allele seems to be protective.

78

Gag p17 CTL/CD8+ epitopes

* HIV-2 sequence: GGKKKYKMK - no cross-reactivity Phillips
et al|[1991]].

HXB2 Location pl7 (24-32)
Author Location pl17 (24-32)
Epitope GGKKKYKLK
Epitope name GGK
Immunogen HIV-1 infection
Species (MHC) human (BS)

Keywords HAART, ART, supervised treatment interrup-
tions (STI), immunodominance, acute/early
infection

References |Oxenius et al/2000

* Patients who started therapy at acute HIV-1 infection (three
with sustained therapy, two with limited therapy upon early
infection) had strong HIV specific CD4 proliferative responses
and were able to maintain a CTL response even with unde-
tectable viral load — three patients that had delayed initiation of
HAART had no HIV specific CD4 proliferative responses and
lost their CTL responses when HAART was eventually given
and their viral loads became undetectable.

This epitope was recognized by 1/7 study subjects that were
HLA-B8+.

Patient SCI12(HLA Al, B8/39, Cw0701/0702, DR2/3,
DR51/52, DQ2/6) had sustained therapy started during acute
infection and maintained an immunodominant response to
FLKEKGGL throughout and minor responses to GEI'YKR-
WII, DCKTILKAL, GGKKKYKLK — GEIYKRWII and
GGKKKYKLK responses were stimulated by a brief period
off therapy.

HXB2 Location pl17 (24-32)
Author Location pl7
Epitope GGKKKYKLK
Epitope name GGK
Immunogen HIV-1 infection
Species (MHC) human (BS)
Keywords HAART, ART, supervised treatment interrup-
tions (STI)
References |Oxenius et al.[2002b
* Using previously defined epitopes|Oxenius et al.|[2000, 2001a]
in an IFNgamma elispot assay, 13 chronically HIV-1 infected
patients were studied over a period including therapy with
standard treatment interruptions (STI).
» STIs induced increased recognition of CTL epitopes, but there
was no correlation between CTL responses with viral rebound
rates, plateau viral loads, or clearance rates.

HXB2 Location pl7 (24-35)
Author Location p17 (25-35 SF2)
Epitope GGKKKYKLKHIV
Immunogen HIV-1 infection
Species (MHC) human (BS8)
Keywords review, immunodominance, escape
References (Goulder et al.|1997a; |Phillips et al.|1991
* Longitudinal study of CTL escape mutants in people with the
appropriate HLA types — little variation was observed in the
immunodominant B27 epitope, relative to B8 epitopes, which
varied over time.
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¢ |Goulder et al.|[19974] is a review of immune escape that points
out that there may be a protective effect associated with B27,
and that HLA-BS8 individuals tend to progress more rapidly
than HLA-B27 patients.

HXB2 Location p17 (24-35)
Author Location pl7 (25-35)
Epitope GGKKKYKLKHIV
Immunogen HIV-1 infection
Species (MHC) human (B8)
References [Birk et al.ll1998b
* A study of p17 variation considering known p17 epitopes and
individuals with known HLA types revealed that p17 evolution
is influenced by immune pressure from CTLs.

HXB2 Location p17 (27-35)
Author Location p17 (27-35)
Epitope KRYMIKHLV
Subtype C
Immunogen HIV-1 infection
Species (MHC) human (Cw*0602)
Country India.
Assay type CDS8 T-cell Elispot - IFNy
Keywords subtype comparisons, computational epitope
prediction, immunodominance
References [Thakar et al.J2005
* PBMCs from HIV-1 infected Indian subjects were tested for
HIV-1 Gag (with C clade peptides), Nef (with B clade pep-
tides), and Env (clade unspecified) specific T-cell responses. 5
immunodominant regions conserved across clades were iden-
tified in Gag and Nef. 3 antigenic regions were found to be
recognized by CTLs in the Indian subjects; these regions were
not identified as immunodominant in studies from Africa. 26
epitopes were predicted within reactive peptides, of which 90%
were clustered in the conserved immunodominant regions of
Gag and Nef. 3 of the epitopes were highly conserved across
clades, and 7 novel epitopes were found.

HXB2 Location p17 (28-36)
Author Location (C consensus)
Epitope HYMLKHIVW
Subtype C
Immunogen HIV-1 infection
Species (MHC) human (A*2301)
Country South Africa.
Assay type CDS8 T-cell Elispot - IFNy
Keywords rate of progression, optimal epitope
References |Kiepiela et al.|2007
* A comprehensive analysis of 160 class I T cell responses in 578
individuals from KwaZulu-Natal, South Africa was performed.
Gag-specific responses were associated with lowering viremia,
while Env, accessory and regulatory protein-specific responses
were associated with higher viremia.
e Mutational patterns in the M in the third residue HYM-
LKHIVW are associated with the presence of the HLA present-
ing molecule in the host.

HXB2 Location pl17 (28-36)
Author Location (C consensus)
Epitope HYMLKHLVW
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Subtype C
Immunogen HIV-1 infection
Species (MHC) human (A*2301, A*2402)

Country South Africa.

Assay type CD8 T-cell Elispot - IFNy

Keywords cross-presentation by different HLA, charac-
terizing CD8+ T cells

References |Kiepiela er al.|2004

* HLA class I restricted CD8+ T-cell responses against HI'V-1
were analyzed in African patients. Significantly more responses
were shown to be HLA-B restricted. Viral load, CD4 count,
and thus rate of disease progression were also associated with
HLA-B alleles. In addition, the selection pressure imposed on
HIV-1 by HLA-B alleles was shown to be substantially greater
than by other alleles.

* This epitope was suggested to be the epitope within a longer
reactive peptide based on correspondence with a known epitope
in the HIV database. Also, a significantly higher frequency of
people in the Durban cohort who reacted with the peptide had
this HLA type.
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HXB2 Location p17 (28-36)
Author Location p17 (28-36 LAI)
Epitope KYKLKHIVW
Subtype B
Immunogen
Species (MHC) human (A*2402)
Keywords optimal epitope
References |[Frahm ez al.[2007
* C. Brander notes that this is an A*2402 epitope.

HXB2 Location pl17 (28-36)
Author Location pl17 (28-36 SF2)
Epitope KYKLKHIVW
Immunogen HIV-1 infection
Species (MHC) human (A*2402)
References |Ikeda-Moore et al.l|[1998

* Strong CTL activity to this peptide was detected in 2/3 HIV-
infected individuals who were HLA A24+.

* HLA A24 is very common in Japanese (70% carry it) and is
common globally.

* This epitope was detected by looking for peptides with appro-
priate A24 anchor residues (Y at position 2, carb-term ILF or
W) — 16/17 such peptides bound to A24 — KYKLKHIVW was
found to be a naturally processed epitope that elicits a strong
CTL response.

HXB2 Location p17 (28-36)
Author Location (28-36)
Epitope HYMLKHLVW
Subtype C
Immunogen HIV-1 infection
Species (MHC) human (A*2402)
Assay type Other
Keywords HLA associated polymorphism
References [Boutwell & Essex|2007
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e All HIV-1 subtype C protein sequences were analysed, and
94 HLA-associated amino acid polymorphisms were found
that were well distributed throughout the proteome. These
sequences were compiled from publicly available databases
and originated in South Africa and Botswana. Many polymor-
phisms were associated with multiple HLA allele classes. 12%
of negative associations were found as well, where there was
an association of virus expression of the consensus amino acid
with a specific HLA allele. HLA-B alleles were involved in
most of the associations. 19 HLA-associated polymorphisms
were embedded in previously defined epitopes presented by an
appropriate HLA restricting molecule.

* HYMLKHLVW was a previously defined A*2402 presented
epitope that encompassed an A*24 associated polymorphism,
HYmLKHLVW,in the third position.

HXB2 Location p17 (28-36)
Author Location p17 (28-36 LAI)
Epitope KYKLKHIVW
Subtype B
Immunogen
Species (MHC) human (A23)
References |Goulder & Walker|1999
* P. Goulder, pers. comm.

HXB2 Location pl17 (28-36)
Author Location pl7 (28-36 LAI)
Epitope KYKLKHIVW
Subtype B
Immunogen
Species (MHC) human (A24)
References Brander & Walker| 1996
¢ D. Lewinsohn, pers. comm.

HXB2 Location p17 (28-36)
Author Location p17 (28-36 SF2)
Epitope KYKLKHIVW
Immunogen HIV-1 infection
Species (MHC) human (A24)
Keywords HAART, ART, acute/early infection
References |Altfeld et al/2001b
» Therapy provided during acute infection resulted in a narrower
CTL response, stronger T help response, and a less diverse
viral population than was seen in individuals treated during
chronic infection.
The breadth and specificity of the response was deter-
mined using ELISPOT by studying 19 individuals with pre-
seroconversion therapy (Group 1), 11 individuals with primary
infection but post-seroconversion therapy (Group 2), and 10
individuals who responded to HAART given during chronic
infection (Group 3), using 259 overlapping peptides spanning
pl7, p24, RT, gp41, gp120 and Nef.
Previously described and newly defined optimal epitopes were
tested for CTL response.
Number of HLA-A24+ individuals that had a CTL response to
this epitope broken down by group: 0/0 group 1, 2/3 group 2,
and 0/0 group 3.

HXB2 Location p17 (28-36)
Author Location pl7 (28-36 93TH253 subtype CRFO01)
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Epitope KYKLKHIVW
Subtype CRF01_AE
Immunogen HIV-1 infection
Species (MHC) human (A24)
Keywords subtype comparisons
References |Bond ez al.[2001

¢ More than half of a cohort of HIV+ female sex workers (FSW)
from Northern Thailand were HLA-A11 positive, and this study
concentrated on A1l epitopes in this group, although E clade
versions of previously defined B-clade A2 and A24 epitopes
were also tested.

* The only HLA-A24 FSWs tested did not recognize the E clade
version of this epitope KYKMKHLVW, which differs from
the previously defined B clade version by two amino acids,
KYKLKHIVW.

HXB2 Location p17 (28-36)
Author Location pl17
Epitope KYKLKHIVW
Epitope name KW9
Immunogen HIV-1 infection
Species (MHC) human (A24)
Donor MHC A2, A24 B38, B60, Cw2, Cw12
Assay type CDS8 T-cell Elispot - IFNy
Keywords supervised treatment interruptions (STI),
acute/early infection
References |Montefiori et al.|2003

HIV-1 + patient AC10 underwent early HAART treatment,
which was discontinued 1.5 years later. At this timepoint po-
tent NAb responses against autologous virus were detected.
Treatment interruption initially induced weak CD8+ responses
directed against 5 epitopes. By days 873d and 923d the CTL
response had broadened to target 22 epitopes; of these six were
fully characterized. Eventually the virus escaped the NAD re-
sponse, but escape was not accompanied by a rise in viral load,
and the authors suggest the virus was contained by the CTL
response.

HXB2 Location p17 (28-36)
Author Location pl17 (28-36)
Epitope KYKLKHIVW
Immunogen HIV-1 infection
Species (MHC) human (A24)
Donor MHC A*0201, A*2402, B*52, B75, Cw*03;
A*0207, A*2402, B*46, B*52, Cw*01;
A*2402, A*26, B*07, B*5101, Cw*07
Country Japan.
Assay type Chromium-release assay
Keywords epitope processing, escape
References [Yokomaku et al.[2004
Epitope variants escaped from being killed by CTLs in an
endogenous expression system although they were recog-
nized when corresponding synthetic peptides were exogenously
loaded onto the cells. Escape is thus probably due to changes
that occur during the processing and the presentation of epi-
topes in infected cells.
Epitope variants recognized when added exogenously but not
when processed endogenously were: kyRlkhLvw, RyRlkhLvw
and QyRIkhivw.
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HXB2 Location p17 (28-36)
Author Location pl7 (28-36)
Epitope KYKLKHIVW
Epitope name QW9
Immunogen HIV-1 infection
Species (MHC) human (A24)
Donor MHC A*24, A*30, B*39, B*47, Cw*12, Cw*17,
A*24, A*23, B*39, B*¥07, Cw*12, Cw*17
Country United States.
Assay type CDS8 T-cell Elispot - IFNy
Keywords responses in children, mother-to-infant trans-
mission, escape, acute/early infection, rever-
sion, viral fitness
References [Sanchez-Merino er al.ll2005

¢ CD8 T-cell responses were examined in mother-infant pairs.
Escape variants were commonly detected in maternal plasma.
Early infant plasma viruses showed heterogeneity of gag and
nef gene sequences as well as mother-to-child transmission of
CD8 T-cell escape variants. The stability of escape mutants in
the infant over time was determined by infant HLA haplotype
and viral fitness. Sequential plasma specimens from infants
showed changes in CD8 T-cell epitope sequences, suggesting
that infants are capable of generating virus-specific CD8 T-cell
responses.

* qYKLKHIVW is an escape variant of the A*24 epitope KYK-
LKHIVW, found in 9/10 clones from the mother. It was trans-
mitted to her infant, and persisted for 15 months. Both the
mother and child are A*24+.

* qYKLKHIVW elicted lower responder cell frequencies than
KYKLKHIVW.

HXB2 Location p17 (28-36)
Author Location p17 (728-736 subtype A)
Epitope KYRLKHLVW
Subtype A
Immunogen HIV-1 infection, HIV-1 exposed seronegative
Species (MHC) human (Cw4)
Keywords HIV exposed persistently seronegative
(HEPS), immunodominance
References |[Kaul e a./2001a

* ELISPOT was used to study CTL responses to a panel of 54
predefined HIV-1 epitopes in 91 HIV-1-exposed, persistently
seronegative (HEPS) and 87 HIV-1-infected female Nairobi
sex workers.
Responses in HEPS women tended to be lower, and focused
on different epitopes with HLA presenting molecules that have
previously been associated with reduced risk of infection, and
there was a shift in the response in the HEPS women upon late
seroconversion to epitopes recognized by the HIV-1 infected
women.
43/91 HEPS women had CD8+ responses and detection of
HIV-1-specific CTL in HEPS women increased with the dura-
tion of viral exposure.
Among HLA-Cw4 women, 2/2 HEPS and 7/11 HIV-1 infected
women recognized this epitope.
The dominant response to this HLA allele was to this epitope in
both of the 2/2 HEPS cases and in 3 of the 7/11 HIV-1 infected
women.

HXB2 Location pl17 (28-36)

HIV Molecular Immunology 2006/2007

HIV CTL/CD8+ Epitope Tables

Author Location pl17 (28-36)

Epitope KYRLKHLVW

Immunogen HIV-1 infection
Species (MHC) human (Cw4)
References |Appay et al.[2000

* This epitope is newly defined in this study.
* Combined tetramer and intracellular cytokine staining was used
to study the function of circulating CD8+ T cells specific for
HIV and CMV.
HIV-specific CD8+ T cells expressed lower levels of perforin
than CMV-specific CD8+ T cells from the same donor, and
this was associated with persistent CD27 expression on HIV-
specific cells, suggesting impaired maturation.
In most donors, between 50% and 95% of the activated virus-
specific CD8+ T cells produced IFN-y and MIP-1§ with a
distinct subset that failed to produce TNF-c.

HXB2 Location pl17 (28-36)
Author Location
Epitope KYRLKHLVW
Immunogen HIV-1 infection
Species (MHC) human
Keywords HIV exposed persistently seronegative
(HEPS)
References |[Kaul e al.|2001c

* This study examines CTL responses in HIV exposed, persis-
tently seronegative individuals, HEPS, who eventually serocon-
verted — 11/114 HEPS Nairobi sex workers eventually sero-
converted, and for six of these HIV CTL reactive epitopes had
been defined while seronegative.

* The epidemiological factor associated with seroconversion was
stopping sex work. HIV-specific CTL activity declined when
HEPS sex workers stopped working for a period or retired.

* This epitope was recognized in 1/22 HEPS sex worker controls
(ML1573).

HXB2 Location p17 (33-41)
Author Location pl7 (33-41)
Epitope HLVWASREL
Subtype C
Immunogen HIV-1 infection
Species (MHC) human (Cw*0602)
Country India.
Assay type CDS8 T-cell Elispot - IFNy
Keywords subtype comparisons, computational epitope
prediction, immunodominance
References [Thakar et all2005
* PBMCs from HIV-1 infected Indian subjects were tested for
HIV-1 Gag (with C clade peptides), Nef (with B clade pep-
tides), and Env (clade unspecified) specific T-cell responses. 5
immunodominant regions conserved across clades were iden-
tified in Gag and Nef. 3 antigenic regions were found to be
recognized by CTLs in the Indian subjects; these regions were
not identified as immunodominant in studies from Africa. 26
epitopes were predicted within reactive peptides, of which 90%
were clustered in the conserved immunodominant regions of
Gag and Nef. 3 of the epitopes were highly conserved across
clades, and 7 novel epitopes were found.
* This is a novel predicted epitope.
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HXB2 Location p17 (33-41)
Author Location pl7
Epitope HLVWASREL
Epitope name HL-9
Subtype C
Immunogen HIV-1 infection
Species (MHC) human (Cw*0804)
Country South Africa.

Assay type CDS8 T-cell Elispot - IFNy, CD4 T-cell Eli-
spot - IFN7, Intracellular cytokine staining,
Chromium-release assay

Keywords subtype comparisons, epitope processing, im-
munodominance, cross-presentation by differ-
ent HLA

References [Masemola ez al.|2004b

Highly targeted regions in Gag for CD8+ T-cells were defined
for individuals with C clade infections in South Africa. 9
specific epitopes within the most reactive regions were charac-
terized. This is 1 of 5 novel epitopes that were found among
subtype C HIV-1 from African patients who hadn’t previously
been identified in B clade infections. Some epitopes were
shown to be promiscuous, presented by multiple class I restrict-
ing alleles.

HLVWASREL was presented by Cw*08 and newly identified
in this study; Cw*08 is slightly more common in Zulus than
Caucasians (0.066 versus 0.038).

HXB2 Location p17 (33-41)
Author Location
Epitope HLVWASREL
Immunogen
Species (MHC) human (Cw*0804)
Keywords optimal epitope
References [Frahm ez al.|2007
* C. Brander notes that this is an Cw*0804 epitope.

HXB2 Location p17 (34-44)
Author Location pl7
Epitope LVWASRELERF
Epitope name LF-11
Subtype C
Immunogen HIV-1 infection
Species (MHC) human (A*3002, B*¥570301)
Country South Africa.

Assay type CD8 T-cell Elispot - IFNy, CD4 T-cell Eli-
spot - IFNY, Intracellular cytokine staining,
Chromium-release assay

Keywords subtype comparisons, epitope processing, im-
munodominance, cross-presentation by differ-
ent HLA

References [Masemola ez al.|2004b

Highly targeted regions in Gag for CD8+ T-cells were defined
for individuals with C clade infections in South Africa. 9
specific epitopes within the most reactive regions were charac-
terized. This is 1 of 5 novel epitopes that were found among
subtype C HIV-1 from African patients who hadn’t previously
been identified in B clade infections. Some epitopes were
shown to be promiscuous, presented by multiple class I restrict-
ing alleles.
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* LVWASRELEREF was clearly presented by both A*3002 and
B*570301, it might also be cross-presented by A*3001, but
not as effectively. A*30 is 10-fold more common among Zulus
than Caucasians (allele frequency 0.195 versus 0.019), while
B*57 is similar (0.051 versus 0.043).

HXB2 Location p17 (34-44)
Author Location pl7 (34-44)
Epitope LVWRELERF
Immunogen
Species (MHC) human (A30)
Keywords optimal epitope
References [Frahm ez al.|2007
* C. Brander notes that this is an A30 epitope.

HXB2 Location p17 (34-44)
Author Location (C consensus)
Epitope LVWASRELERF
Subtype C
Immunogen HIV-1 infection
Species (MHC) human (B*5703)
Country South Africa.
Assay type CDS8 T-cell Elispot - IFNy
Keywords rate of progression, optimal epitope
References |Kiepiela et al.|2007
* A comprehensive analysis of 160 class I T cell responses in 578
individuals from KwaZulu-Natal, South Africa was performed.
Gag-specific responses were associated with lowering viremia,
while Env, accessory and regulatory protein-specific responses
were associated with higher viremia.
* LVWASRELEREF is an optimal epitope.

HXB2 Location p17 (34-44)
Author Location (C consensus)
Epitope LVWASRELERF
Subtype C
Immunogen HIV-1 infection
Species (MHC) human (B57)
Country South Africa.
Assay type CDS8 T-cell Elispot - IFNy
Keywords characterizing CD8+ T cells
References |Kiepiela et al.|2004

* HLA class I restricted CD8+ T-cell responses against HIV-1
were analyzed in African patients. Significantly more responses
were shown to be HLA-B restricted. Viral load, CD4 count,
and thus rate of disease progression were also associated with
HLA-B alleles. In addition, the selection pressure imposed on
HIV-1 by HLA-B alleles was shown to be substantially greater
than by other alleles.

» This epitope was suggested to be the epitope within a longer
reactive peptide based on correspondence with a known epitope
in the HIV database. Also, a significantly higher frequency of
people in the Durban cohort who reacted with the peptide had
this HLA type.

HXB2 Location p17 (36-44)
Author Location pl7 (3543 LAI)
Epitope WASRELERF
Subtype B
Immunogen HIV-1 infection
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Species (MHC) human (B*3501)
References |Goulder er al.|1997d

* Optimal epitope defined from within p17(30-44), LKHIVWAS-
RELERFA.

¢ Dominant CTL response in an HIV+ asymptomatic donor was
to this epitope.

¢ The Phe in the C-term anchor is distinct from the previously-
defined Tyr for B¥3501 C-term anchors.

HXB2 Location p17 (36-44)
Author Location pl7 (3644 LAI)
Epitope WASRELERF
Subtype B
Immunogen
Species (MHC) human (B*3501)
Keywords optimal epitope
References |[Frahm et al.|2007; |Goulder ef al.|[1997b
* C. Brander notes this is a B¥3501 epitope.

HXB2 Location pl17 (36-44)
Author Location pl7 (36-44)
Epitope WASRELERF
Immunogen HIV-1 infection
Species (MHC) human (B35)
References Birk et al.ll1998b
* A study of p17 variation considering known p17 epitopes and
individuals with known HLA types revealed that p17 evolution
is influenced by immune pressure from CTLs.

HXB2 Location p17 (36-44)
Author Location pl17 (36—44)
Epitope WASRELERF
Immunogen HIV-1 infection
Species (MHC) human (B35)
References |[Ferrari ez al.[2000
* One of the 51 HIV-1 epitopes selected by Ferrari et al. as
good candidate CTL epitopes for vaccines by virtue of being
conserved and presented by common HLA alleles.

HXB2 Location p17 (36-44)
Author Location pl17 (3644 SF2)
Epitope WASRELERF
Immunogen HIV-1 infection
Species (MHC) human (B35)
Keywords HAART, ART, acute/early infection
References |Altfeld et al/2001b
» Therapy provided during acute infection resulted in a narrower
CTL response, stronger T help response, and a less diverse
viral population than was seen in individuals treated during
chronic infection.
The breadth and specificity of the response was deter-
mined using ELISPOT by studying 19 individuals with pre-
seroconversion therapy (Group 1), 11 individuals with primary
infection but post-seroconversion therapy (Group 2), and 10
individuals who responded to HAART given during chronic
infection (Group 3), using 259 overlapping peptides spanning
pl7, p24, RT, gp41, gp120 and Nef.
Previously described and newly defined optimal epitopes were
tested for CTL response.
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* Number of HLA-B35+ individuals that had a CTL response to
this epitope broken down by group: 0/2 group 1, 0/2 group 2,
and 1/1 group 3.

HXB2 Location p17 (36-44)
Author Location
Epitope WASRELERF
Epitope name Gag-WF9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B35)
References [Sabbaj ef al.|2003
* Among HIV+ individuals who carried HLA B35, 1/21 (5%)
recognized this epitope.

HXB2 Location p17 (36-44)
Author Location Gag
Epitope WASRELERF
Immunogen HIV-1 infection
Species (MHC) human (B35)
Country Netherlands.
Assay type CDS8 T-cell Elispot - IFNy
Keywords HIV exposed persistently seronegative
(HEPS)

References |[Koning e al.[2004
* A high-risk seronegative group of 29 homosexual men showed
reduced cellular in vitro susceptibility for HIV infection and
enhanced production of RANTES compared to 15 men who
went on to seroconvert. Significantly higher frequencies of
HLA A*11, A*31 and Cw*15 were also found in the high risk
seronegative men. Both groups of men had low frequencies
of HIV-1 specific CD8+ T-cells, which may signify exposure
more than protection from infection.
No one, 0/3 HLA B35+ infection-resistant men, and 0/5 pre-
seroconversion men who went on to become infected, reacted
to this epitope.

HXB2 Location p17 (36-44)
Author Location pl7 (36—44)
Epitope WASRELERF
Subtype C
Immunogen HIV-1 infection
Species (MHC) human (Cw*0602)
Country India.
Assay type CDS8 T-cell Elispot - IFNy
Keywords subtype comparisons, computational epitope
prediction, immunodominance
References [Thakar ez al.[2005
* PBMCs from HIV-1 infected Indian subjects were tested for
HIV-1 Gag (with C clade peptides), Nef (with B clade pep-
tides), and Env (clade unspecified) specific T-cell responses. 5
immunodominant regions conserved across clades were iden-
tified in Gag and Nef. 3 antigenic regions were found to be
recognized by CTLs in the Indian subjects; these regions were
not identified as immunodominant in studies from Africa. 26
epitopes were predicted within reactive peptides, of which 90%
were clustered in the conserved immunodominant regions of
Gag and Nef. 3 of the epitopes were highly conserved across
clades, and 7 novel epitopes were found.
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HXB2 Location pl17 (36-44)
Author Location pl7 (SF2)
Epitope WASRELERF
Immunogen HIV-1 infection
Species (MHC) human
Keywords subtype comparisons, immunodominance
References |Goulder et al.|2000a
The dominant response in an African American who was HLA
A3/33 B35/B53 Cw4/7 was to this epitope, although the re-
stricting element was not determined — this epitope fell outside
the most recognized peptides in the study.
Three peptides GSEELRSLYNTVATL (p17 residues 71-85),
SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRL-
RPGGKKKYKILK (pl17 16-30) contained the dominant Gag-
specific epitope in 31/44 B-clade infected individuals from
Boston who showed Gag-CTL responses.
Five peptidles RLRPGGKKHYMIKHLVW (p17 20-36),
ELRSLYNTVATLYCV (p17Gag 74-88), SALSEGATPQDL-
NTMLNTVG (p24 41-60), FRDY VDRFFKTLRAEQA (p24
161-177), and SILDIKQGKEPFRDY (p24 149-164) contained
dominant Gag-specific epitopes in 32/37 C-clade infected sub-
jects from South Africa.

HXB2 Location pl17 (43-51)
Author Location pl7
Epitope RFAVNPGLL
Subtype B, C
Immunogen HIV-1 infection
Species (MHC) human (B63)
Assay type CDS8 T-cell Elispot - IFNy
Keywords rate of progression, cross-presentation by dif-
ferent HLA
References [Frahm ez al.|2005
* HLA-B63-positive subjects were shown to be able to generate
CTL responses early in acute HIV infection and to control HIV
replication in the absence of antiretroviral treatment. Since
HLA-B63 shares the epitope binding motif of HLA-B57 and
-B58, it was shown that HLA-B63-positive individuals mounted
CTL responses to previously identified B57-restricted epitopes,
as well as novel, B63-restricted epitopes. Moreover, these novel
B63-restricted epitopes can also be presented by HLA-B57 and
-B58.
« This is a putative HLA-B63 epitope is contained within a reac-
tive peptide containing the B58 supertype binding motif. There
is no evidence for B57/B58 cross-presentation of this epitope.

HXB2 Location pl17 (69-93)
Author Location p17 (69-93 BH10)
Epitope QTGSEELRSLYNTVATLYCVHQRIE
Immunogen HIV-1 infection
Species (MHC) human (A2)
References Johnson et al.l[1991
* Gag CTL response studied in three individuals.

HXB2 Location pl7 (71-79)
Author Location p17
Epitope GTEELRSLY
Subtype A
Immunogen HIV-1 infection
Species (MHC) human (A*0101)
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Donor MHC A*0101, A*0301, B*0801; A*0201, A*3101,
B*3501, B*3905
Country United Kingdom.
Assay type CDS8 T-cell Elispot - IFNy, HLA binding
Keywords escape, acute/early infection, characterizing
CD8+ T cells
References Milicic et al.ll2005
* CTL responses and escape were analyzed in 4 homosexual
couples where blood samples were available within weeks
of estimated transmission. When the recipient had the same
HLA type as the donor, CTL escape variants prevented a CTL
response to those epitopes in the recipient. Even when the
HLA alleles were different in the transmitting couple, a single
escape mutation in one epitope can abolish CTL recognition
of an overlapping epitope of distinct restriction in the recipient.
In an early acute infection of the donor, the precise timing of
transmission determines the viral variants transmitted.
Escape mutation gteelrslF in this epitope resulted in 98% reduc-
tion in HLA binding affinity, and was the transmitted variant.

HXB2 Location pl7 (71-79)
Author Location pl7
Epitope GSEELRSLY
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A*0101)
Donor MHC A*0101, A*0301, B*0801, B*5101; A*0101,
B*0801
Country United Kingdom.
Assay type CD8 T-cell Elispot - IFNy, HLA binding
Keywords escape, acute/early infection, characterizing
CD8+ T cells
References |Milicic et al.[2005
* CTL responses and escape were analyzed in 4 homosexual
couples where blood samples were available within weeks
of estimated transmission. CTL escape variants were often
transmitted. When the recipient had the same HLA type as the
donor, CTL escape variants prevented a CTL response to those
epitopes in the recipient. Even when the HLA alleles were
different in the transmitting couple, a single escape mutation
in one epitope can abolish CTL recognition of an overlapping
epitope of distinct restriction in the recipient.
The second donor in the study shares A*0101 and B*0801
with his partner. Escape mutations gseelKsly in GSEELRSLY
resulted in 44% reduction in HLA binding affinity and no
response in an Elispot assay, and gseelKsly was the transmitted
form.

HXB2 Location p17 (71-79)
Author Location pl7 (71-79 LAI)
Epitope GSEELRSLY
Subtype B
Immunogen
Species (MHC) human (A1)
References [Brander & Walken|1996
* P. Goulder, pers. comm.

HXB2 Location pl17 (71-79)
Author Location p17 (71-79)
Epitope GSEELRSLY
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Immunogen HIV-1 infection
Species (MHC) human (A1)
References [Birk et al.[1998b
* A study of p17 variation considering known p17 epitopes and
individuals with known HLA types revealed that p17 evolution
is influenced by immune pressure from CTLs.

HXB2 Location p17 (71-79)
Author Location pl17 (71-79 HXB2)
Epitope GSEELRSLY
Epitope name GSE
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A1)

Keywords HAART, ART, supervised treatment interrup-
tions (STI), immunodominance, acute/early
infection

References |Oxenius et al.J2000

 Patients who started therapy at acute HIV-1 infection (three
with sustained therapy, two with limited therapy upon early
infection) had strong HIV specific CD4 proliferative responses
and were able to maintain a CTL response even with unde-
tectable viral load — three patients that had delayed initiation of
HAART had no HIV specific CD4 proliferative responses and
lost their CTL responses when HAART was eventually given
and their viral loads became undetectable.

* This epitope was not recognized by the 6/8 study subjects that
were HLA-AL.

HXB2 Location p17 (71-79)
Author Location pl7 (71-79)
Epitope GSEELRSLY
Immunogen HIV-1 infection, HIV-1 exposed seronegative
Species (MHC) human (A1)
Keywords HIV exposed persistently seronegative
(HEPS)
References |[Kaul ez al.|2001a
ELISPOT was used to study CTL responses to a panel of 54
predefined HIV-1 epitopes in 91 HIV-1-exposed, persistently
seronegative (HEPS) and 87 HIV-1-infected female Nairobi
sex workers.
Responses in HEPS women tended to be lower, and focused
on different epitopes with HLA presenting molecules that have
previously been associated with reduced risk of infection, and
there was a shift in the response in the HEPS women upon late
seroconversion to epitopes recognized by the HIV-1 infected
women.
43/91 HEPS women had CD8+ responses and detection of
HIV-1-specific CTL in HEPS women increased with the dura-
tion of viral exposure.
Among HLA-A1 women, 1/1 HEPS and 3/3 HIV-1 infected
women recognized this epitope, and the response was the dom-
inant HLA-AT1 response in all cases.

HXB2 Location pl17 (71-79)
Author Location p17
Epitope GSEELRSLY
Epitope name GSE
Immunogen HIV-1 infection
Species (MHC) human (A1)
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Keywords HAART, ART, supervised treatment interrup-
tions (STI)
References |Oxenius et al/2002b
* Using previously defined epitopes|Oxenius ef al.|[2000, 2001a]
in an IFNgamma Elispot assay, 13 chronically HIV-1 infected
patients were studied over a period including therapy with
supervised treatment interruptions (STI).
* STIs induced increased recognition of CTL epitopes, but there
was no correlation between CTL responses with viral rebound
rates, plateau viral loads, or clearance rates.

HXB2 Location pl17 (71-79)
Author Location pl7 (71-79)
Epitope GSEELRSLY
Immunogen HIV-1 infection
Species (MHC) human (A1)
Country Spain.
Assay type proliferation, CD8 T-cell Elispot - IFNy, Flow
cytometric T-cell cytokine assay
Keywords HAART, ART, supervised treatment interrup-
tions (STI), immune dysfunction
References |Plana ez al.|2004
¢ Structured treatment interruption (STI) alone is not able to
control viral replication in chronically infected patients, proba-
bly due to lack of strong, maintained T-helper cell responses.
HIV-1 specific CD8+ T-cell responses were shown to increase
significantly until the end of the follow up, but were not corre-
lated with viral load.
* 3/13 patients recognized this epitope.

HXB2 Location p17 (71-79)
Author Location (71-79 B consensus)
Epitope GSEELRSLY
Epitope name GY9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A1)
Country United States.
Assay type CD8 T-cell Elispot - IFNYy, Flow cytometric
T-cell cytokine assay
Keywords characterizing CD8+ T cells
References |Allen ez al.|2004

* This study characterizes an escape mutation in a C-terminal
flanking residue of the HLA-A3 gag p17 KK9 epitope that
inhibits processing, and is embedded in the overlapping HLA-
A3 RK9 epitope.

* The immune response was tracked in subject AC-38. The acute
immunodominant response was to the B57 TW10 epitope;
this response declined following viral escape (tsNlgeqigw) by
day 64. The p17 KK9 and RK9 became immunodominant,
but then declined as the escape mutation arose. Three other
strong responses that persisted were detected, along with 1
sub-dominant response to GY9.

HXB2 Location pl7 (71-79)
Author Location Gag
Epitope GSEELRSLY
Epitope name GL9
Subtype B
Immunogen HIV-1 infection
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Species (MHC) human (A1)
Donor MHC Al, A3, B7, B57, Cw6, Cw7
Country United States.
Assay type CDS8 T-cell Elispot - IFNy
Keywords subtype comparisons, escape, characterizing
CD8+ T cells, reversion, viral fitness
References |Allen ez al.|2005a
* Two-thirds of all mutations arising in nonenvelope proteins dur-
ing the transition from acute to chronic infection were found
to be due to either CD8 T-cell-associated selective pressures
or reversion of HLA-I-associated mutations selected in a pre-
vious host.The predominance of escape mutations at highly
polymorphic sites was observed across different HIV-1 clades.
* One escape mutation, at position 9, gseelrslF, was found in the
most polymorphic residue in the epitope. These were shared
between clades B and C.

HXB2 Location pl17 (71-79)
Author Location pl7
Epitope GSEELRSLY
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A1)
Donor MHC Al, Al, B8, B55, Cw3, Cw7
Country Democratic Republic of the Congo.
Assay type CDS8 T-cell Elispot - IFNy
Keywords subtype comparisons
References |Geels et all2005
¢ Cross-clade CTL responses in 10 non-B HIV-1 infected indi-
viduals were evaluated. T-cell reactivity was tested against
peptide pools of clade B Gag, Pol, Nef, Rev and Tat. Nine indi-
viduals demonstrated cross-reactive T-cell responses to clade
A, B, and C Gag pools; 6/7 patients that responded to Nef-B
also reacted to clade A and C Nef pools. An inverse correlation
was observed between the sequence divergence of the HLA
class I restricted epitopes and the height of the T-cell responses,
which in Gag could be explained through variations in the
HLA-anchor residues. 42% of the responses were directed to
regions containing new epitopes.
 This previously described epitope was embedded in a B clade
peptide that was recognized by T-cells from an infected person
carrying subtype D Gag. The autologous epitope sequence
had dramatic changes, the epitope GSEELRSLY peptide was
GtegikSLh, and so likely not the actual reactive epitope in the
larger peptide.

HXB2 Location pl17 (71-85)
Author Location pl7 (71-85 SF2)
Epitope GSEELRSLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human
References |Lieberman et al.l|[1997a
* Of 25 patients, most had CTL specific for more than 1 HIV-1
protein.
* Twelve subjects had CTL that could recognize vaccinia-
expressed LAI gag.
* One of these 12 had CTL response to this peptide.
* The responding subject was HLA-A1, Al1, B8, B27.

HXB2 Location p17 (71-85)

86

Gag p17 CTL/CD8+ epitopes

Author Location pl17 (71-85 HXB2)
Epitope GSEELRSLYNTVATL
Subtype B
Immunogen HIV-1 infection
Species (MHC) human
Assay type T-cell Elispot
Keywords supervised treatment interruptions (STI), im-
munodominance, early treatment

References |Addo et al.2003

* Comprehensive Elispot screening of 504 overlapping peptides
that spanned all HIV-1 proteins in 57 HIV-1 infected individu-
als. Four groups of patients were compared: 23 were untreated;
12 were chronically infected and treated; 22 started treatment
during acute infection; 11 continuously treated and 11 with
STI.

* 63% of the peptides were recognized - the most frequent re-
sponses were directed against Nef (95%) and p24-Gag (88%).
p17 was the most frequently recognized protein after correction
for protein length. A median of 18 peptides (range 2-42) were
recognized per person. The most frequently (>20%) recog-
nized peptides were located in conserved regions within clade
B sequences. Vpu was rarely recognized.

* A decrease in the total magnitude and in the breadth of CTL
responses was detected in patients with treated acute infection
in comparison to chronically infected treated or untreated indi-
viduals. No correlation between plasma viral load and HIV-1
specific T-cell responses was observed.

* Responses to this peptide were detected in 16% of the study
subjects, and it was one of the 25 most frequently recognized
peptides.

HXB2 Location p17 (71-90)
Author Location Gag (HXB2)
Epitope GSEELRSLYNTVATLYCVHQ
Subtype B
Immunogen HIV-1 infection
Species (MHC) human
Donor MHC A2
Assay type CDS8 T-cell Elispot - IFNy
Keywords assay standardization/improvement, HAART,
ART
References [Chitnis e al.2003

* 17 perinatally HIV-1 infected children (0.08-16 years) were
evaluated for HLA-A2-restricted IFN-gamma CD8+ CTL re-
sponses against 4 immunodominant peptides that carry HLA-
A2 epitopes. Two peptides were from gp120 (one at position
112, one from the V3 loop), and one each was from gp41 and
Gag. 15/17 patients responded to the Gag peptide, 13/17 to the
gp41 and the non-V3 gp120 peptides, and 11/17 responded to
the V3 loop. 4 children recognized all 4 peptides.
In 10/14 children, addition of exogenous IL-15 induced in-
creased frequencies of SFCs to the Gag peptide. IL-2 and IL-7
did not increase SFCs, however 1L-2, IL-7 and IL 15 could
all increase the intensity of the spots in some patients. In 4
children, IL-15 addition brought the SFC response up to the
level of detection.

HXB2 Location p17 (73-82)
Author Location pl17 (73-82)
Epitope EELRSLYNTV
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Subtype C
Immunogen HIV-1 infection
Species (MHC) human (B*4006)
Country India.
Assay type CD8 T-cell Elispot - IFNy
Keywords subtype comparisons, computational epitope
prediction, immunodominance
References [Thakar et al[2005
* PBMCs from HIV-1 infected Indian subjects were tested for
HIV-1 Gag (with C clade peptides), Nef (with B clade pep-
tides), and Env (clade unspecified) specific T-cell responses. 5
immunodominant regions conserved across clades were iden-
tified in Gag and Nef. 3 antigenic regions were found to be
recognized by CTLs in the Indian subjects; these regions were
not identified as immunodominant in studies from Africa. 26
epitopes were predicted within reactive peptides, of which 90%
were clustered in the conserved immunodominant regions of
Gag and Nef. 3 of the epitopes were highly conserved across
clades, and 7 novel epitopes were found.

HXB2 Location pl17 (74-82)
Author Location pl7
Epitope ELRSLYNTV
Immunogen
Species (MHC) human (B*0801)
Keywords optimal epitope
References [Frahm ez al.|2007
* Noted by Brander to be a B*0801 epitope.

HXB2 Location p17 (74-82)
Author Location pl7
Epitope ELRSLYNTV
Immunogen
Species (MHC) human (B8)
References (Goulder et al.|1997g
¢ Defined in a study of the B8 binding motif.

HXB2 Location p17 (74-82)
Author Location pl7 (74-82)
Epitope ELRSLYNTV
Immunogen HIV-1 infection
Species (MHC) human (B8)
References |Birk et al.||1998b
¢ A study of p17 variation considering known p17 epitopes and
individuals with known HLA types revealed that p17 evolution
is influenced by immune pressure from CTLs.

HXB2 Location pl17 (74-82)
Author Location pl7 (74-82)
Epitope ELRSLYNTV
Immunogen HIV-1 infection
Species (MHC) human (B8)
References |Ferrari ez al.[2000
* One of the 51 HIV-1 epitopes selected by Ferrari et al. as
good candidate CTL epitopes for vaccines by virtue of being
conserved and presented by common HLA alleles.

HXB2 Location p17 (74-82)
Author Location p17 (74-82)
Epitope ELRSLYNTV
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Immunogen HIV-1 infection
Species (MHC) human (BS8)
References Day ef al.[|2001
» B8-restricted CTL accounted for about 1/3 of the total CTL
response in one individual.

HXB2 Location p17 (74-82)
Author Location (B consensus)
Epitope ELRSLYNTV
Epitope name EV9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (BS8)
Donor MHC Al1, A29, BOS, B44, Cw4, Cw7
Country United States.

Assay type Cytokine production, Intracellular cytokine
staining, Chromium-release assay, Flow cyto-
metric T-cell cytokine assay

Keywords assay standardization/improvement, memory
cells, characterizing CD8+ T cells

References |Lichterfeld et al.[2004c

* Using a flow-cytometric cytotoxicity assay based on caspase-3
activation in dying target cells, it was shown that the subset of
HIV-1-specific CD8+ T cells secreting both IFN-gamma and
TNF-alpha exhibit stronger cytotoxic activity than those secret-
ing only IFN-gamma. These cells also exhibited stronger in-
tracellular perforin expression. No association between HIV-1-
specific CD8+ T-cell maturation phenotypes and intracellular
perforin expression was found.

* 1/9 individuals recognized this epitope.

HXB2 Location pl7 (74-82)
Author Location pl7
Epitope ELRSLYNTV
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (BS)
Donor MHC Al, Al, B8, B55, Cw3, Cw7
Country Democratic Republic of the Congo.
Assay type CDS8 T-cell Elispot - IFNy
Keywords subtype comparisons
References |Geels er al.[2005
* Cross-clade CTL responses in 10 non-B HIV-1 infected indi-
viduals were evaluated. T-cell reactivity was tested against
peptide pools of clade B Gag, Pol, Nef, Rev and Tat. Nine indi-
viduals demonstrated cross-reactive T-cell responses to clade
A, B, and C Gag pools; 6/7 patients that responded to Nef-B
also reacted to clade A and C Nef pools. An inverse correlation
was observed between the sequence divergence of the HLA
class I restricted epitopes and the height of the T-cell responses,
which in Gag could be explained through variations in the
HLA-anchor residues. 42% of the responses were directed to
regions containing new epitopes.
¢ This previously described epitope was embedded in a B clade
peptide that was recognized by T-cells from an infected person
carrying subtype D Gag. The autologous epitope sequence
ELRSLYNTYV had dramatic changes, the epitope peptide was
gikSLhNTYV, and so likely not the actual reactive epitope in the
larger peptide.
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HXB2 Location p17 (74-83)
Author Location Gag
Epitope ELRSLYNTVA
Epitope name 1241
Subtype multiple
Immunogen HIV-1 infection
Species (MHC) human (A2)
Country United States.
Assay type T-cell Elispot
Keywords binding affinity, computational epitope predic-
tion
References |De Groot et al.|2003
 Epitopes defined using sequence parsing and matching algo-
rithm Conservatrix, and epitope prediction tool EpiMatrix,
were shown to be conserved in a broad range of HIV-1 se-
quences derived from different parts of the world. 31 novel
highly conserved HIV-1 epitopes were found, among which
four were recognized as promiscuous epitopes and five as MHC
supertypes.
» Estimated binding probability for ELRSLYNTVA: 71%. This
epitope was previously identified in the literature, but was not
confirmed in this study.

HXB2 Location pl7 (76-86)
Author Location pl7 (74-86 LAI)
Epitope RSLYNTVATLY
Subtype B
Immunogen
Species (MHC) human (A*3002)
Keywords optimal epitope
References [Frahm ez al.|2007
* C. Brander notes this is an A*3002 epitope.

HXB2 Location p17 (76-86)
Author Location p17 (SF2)
Epitope RSLYNTVATLY
Immunogen HIV-1 infection
Species (MHC) human (A*3002)
Keywords subtype comparisons, immunodominance
References |Goulder et al.|2000a

¢ The CTL-dominant response was focused on this epitope in a
single HIV+ individual from Boston — this epitope fell outside
the most recognized peptides in the study.

e Three peptides GSEELRSLYNTVATL (p17 residues 71-85),
SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRL-
RPGGKKKYKLK (p17 16-30) contained the dominant Gag-
specific epitope in 31/44 B-clade infected individuals from
Boston who showed Gag-CTL responses.

» Five peptides RLRPGGKKHYMIKHLVW (p17 20-36),
ELRSLYNTVATLYCV (p17Gag 74-88), SALSEGATPQDL-
NTMLNTVG (p24 41-60), FRDYVDRFFKTLRAEQA (p24
161-177), and SILDIKQGKEPFRDY (p24 149-164) contained
dominant Gag-specific epitopes in 32/37 C-clade infected sub-
jects from South Africa.

HXB2 Location pl7 (76-86)
Author Location Gag (96ZM651.8)
Epitope RLSYNTVATLY
Immunogen
Species (MHC) human (A*3002)
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References |[Novitsky ef al.[2001

* This study provides a survey of CTL responses and full length
HIV-1 genome sequences from a C subtype infected Botswanan
cohort.

* Only 3/13 (23.1%) A*3002-positive subjects demonstrated
moderate CTL responses to the peptide GTEELRSLYNTVAT-
LYCVHE (residues 71 to 90), which contains the previously
described A*3002 epitope RLSYNTVATLY.

HXB2 Location p17 (76-86)

Author Location pl7 (76-86)
Epitope RSLYNTVATLY
Epitope name RY11 (p17)
Immunogen HIV-1 infection
Species (MHC) human (A*3002)
References |Goulder ez al.|2001a

HLA-A*3002 is very common in African populations, 50% of
Zimbabweans express HLA-A30, 44% in African Zulu, so five
new HIV epitopes were characterized that are presented by this
HLA molecule.

A rapid method was developed combining ELISPOT with in-
tracellular IFN-y staining of PBMCs to map optimal epitopes,
then HLA presenting molecules were defined — this method
was completed within 48 to 72 hours of receipt of blood.

Two individuals were studied:  Subject 199 (HLA
A*0201/*3002 B*4402/51 Cw2/5), a Caucasian, and
Subject 6007 (HLA A*3002/ B53/%5801 Cw4/7) an
African-Caribbean.

In both HLA-A*3002 individuals the response to RSLYNT-
VATLY was dominant.

Three quantitative assays, ELISPOT, precursor frequency and
chromium release, confirmed a hierarchy of response: RY11
(p17) > KY9 (gp41) > KY9 (RT-53) > IY9 (gp41).
HLA-A*3001-positive targets do not present RSLYNTVATLY.

HXB2 Location p17 (76-86)

Author Location

Epitope RSLYNTVATLY
Epitope name Gag-RY11
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A*3002)
Donor MHC A*3002 A*3201 B*4501 B*5301 Cw*0401
Cw*1202
Keywords HAART, ART
References [Sabbaj et al.|2003

* This study monitored epitope responses in HIV-1 infected mi-
nority women living in the United States.

* 24 epitopes were described — 8 were novel, 8 used new restrict-
ing elements but were previously defined epitopes, and 8 were
previously described.

* Serial peptide truncations were used to define optimal epitopes
for CTL cell lines isolated from 12 individuals, assayed by a
Cr-release.

* Subject 00RCH33 was on HAART had a viral load of 2900 and
CD4 count of 727 and also recognized the epitopes YPLTFG-
WCY, Nef(135-143), HLA B*5301; AETFYVDGA, RT(437-
445), HLA B*4501; and HIGPGRAFY, gp160(310-318), HLA
A*3002.

HIV Molecular Immunology 2006/2007



Gag p17 CTL/CD8+ epitopes

¢ Among HIV+ individuals who carried HLA B30, 3/16 (19%)
recognized this epitope.

HXB2 Location pl7 (76-86)
Author Location (C consensus)

Epitope RSLYNTVATLY

Subtype C

Immunogen HIV-1 infection

Species (MHC) human (A*3002)

Country South Africa.

Assay type CD8 T-cell Elispot - IFNy
Keywords characterizing CD8+ T cells
References [Kiepiela et al.|2004

HLA class I restricted CD8+ T-cell responses against HIV-1
were analyzed in African patients. Significantly more responses
were shown to be HLA-B restricted. Viral load, CD4 count,
and thus rate of disease progression were also associated with
HLA-B alleles. In addition, the selection pressure imposed on
HIV-1 by HLA-B alleles was shown to be substantially greater
than by other alleles.
This epitope was suggested to be the epitope within a longer
reactive peptide based on correspondence with a known epitope
in the HIV database. Also, a significantly higher frequency of
people in the Durban cohort who reacted with the peptide had
this HLA type.

3

HXB2 Location p17 (76-86)
Author Location (C consensus)
Epitope RSLYNTVATLY
Subtype C
Immunogen HIV-1 infection
Species (MHC) human (A*3002)
Country South Africa.
Assay type CDS8 T-cell Elispot - IFNy
Keywords rate of progression, optimal epitope
References [Kiepiela ez al.|2007
* A comprehensive analysis of 160 class I T cell responses in 578
individuals from KwaZulu-Natal, South Africa was performed.
Gag-specific responses were associated with lowering viremia,
while Env, accessory and regulatory protein-specific responses
were associated with higher viremia.
RSLYNTVATLY is an optimal epitope.

HXB2 Location pl7 (76-86)
Author Location pl7 (74-86 SF2)
Epitope RSLYNTVATLY
Immunogen HIV-1 infection
Species (MHC) human (A30)

Keywords HAART, ART, acute/early infection

References |Altfeld et al/2001b
» Therapy provided during acute infection resulted in a narrower
CTL response, stronger T help response, and a less diverse
viral population than was seen in individuals treated during
chronic infection.
The breadth and specificity of the response was deter-
mined using ELISPOT by studying 19 individuals with pre-
seroconversion therapy (Group 1), 11 individuals with primary
infection but post-seroconversion therapy (Group 2), and 10
individuals who responded to HAART given during chronic
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infection (Group 3), using 259 overlapping peptides spanning
pl7, p24, RT, gp41, gp120 and Nef.

* Previously described and newly defined optimal epitopes were
tested for CTL response.

e Number of HLA-A30+ individuals that had a CTL response to
this epitope broken down by group: 0/1 group 1, 0/0 group 2,
and 1/1 group 3.

HXB2 Location p17 (76-86)

Author Location pl7

Epitope RSLYNTVATLY
Epitope name A30-RY11(p17)

Subtype B

Immunogen HIV-1 infection

Species (MHC) human (A30)
Donor MHC A30, A32, B18, B27
Keywords HAART, ART, supervised treatment interrup-
tions (STI)
References |Altfeld et all2002b

Peripheral blood (PB) and lymph node (LN) CD8+ T-cell re-

sponses were compared in 15 asymptomatic HIV-1 infected

patients using all known optimal CTL epitopes (http://hiv-
web.lanl.gov/content/hiv-db/REVIEWS/brander2001.html) for
each person’s class I HLA alleles.

60 epitope responses were detected in both PB and LN samples

of the 15 patients, and an additional 8 responses were detected

only in LN. The total magnitude of the response was similar
in LN and PB, but the percentage of CD8+ T cells in the LN
is lower so the number of HIV-specific cells per million CD8+

T-cells is higher in the LN.

1 year post-HAART treatment in five patients studied, the
magnitude of the CD8+ T-cell response was decreased in both
LN and PB, but more dramatically in PB, and 13/25 epitope
responses in the PB became undetectable, in contrast to 5/26 in
the LN.

Treatment interruption following HAART resulted in increased
viremia accompanied by the restoration of the detection of
13 epitopes that had become undetectable in the PB, and the
addition of 9 novel epitope responses.

* Breakdowns of epitope responses were shown for 4 individuals.
Patient D displayed the greatest response to B27-KK10 (p24),
and also responded to A30-RY11(p17), A32-PW10(RT), A30-
KY11(RT), A32-RW10(gp120), and B18-YY9(Nef).

HXB2 Location p17 (76-86)
Author Location pl17
Epitope RSLYNTVATLY
Epitope name RY-11
Subtype C
Immunogen HIV-1 infection
Species (MHC) human (A30)

Assay type CD8 T-cell Elispot - IFNy, CD4 T-cell Eli-
spot - IFN7, Intracellular cytokine staining,
Chromium-release assay

Keywords subtype comparisons, epitope processing, im-
munodominance, cross-presentation by differ-
ent HLA

References IMasemola et al.||2004b!

89

+
o«
@)
O
-
-
O




0
—
-
(@)
O
==]
+

HIV CTL/CD8+ Epitope Tables

Highly targeted regions in Gag for CD8+ T-cells were defined
for individuals with C clade infections in South Africa. 9
specific epitopes within the most reactive regions were charac-
terized.

RSLYNTVATLY was presented by A*30, which is more com-
mon in Zulus than Caucasians (0.195 versus 0.019). This
epitope had previously identified in B clade infections.

HXB2 Location p17 (76-86)
Author Location pl7
Epitope RSLYNTATLY
Immunogen HIV-1 exposed seronegative
Species (MHC) human (A30)
Donor MHC A*02, A*30, B*4402, B*15
Assay type T-cell Elispot
Keywords HIV exposed persistently seronegative
(HEPS)

References |Missale et al.|2004
HIV-specific T-cell response was tested in patients exposed to
blood from a patient with highly replicating HIV; these patients
were nosocomially infected with HBV, but uninfected with
HIV. HIV-specific T-cell responses were directed to structural
and non-structural HIV proteins in 2 patients, suggesting that
the virus replicated in these patients sufficiently to prime a
cell-mediated immune response that protected them from HIV
infection.
This patient responded to 4/8 HIV epitopes tested in an
IFNgamma Elispot assay or tetramer assay. Responses were
detected 8 and 28 weeks after exposure, this particular epitope
was only tested with Elispot.

HXB2 Location pl17 (76-86)
Author Location
Epitope RSLYNTVATLY
Immunogen
Species (MHC) human (B58)
Keywords optimal epitope
References [Frahm ez al.|2007
» C. Brander notes that this is an B58 epitope.

HXB2 Location p17 (76-86)
Author Location
Epitope RSLYNTVATLY
Immunogen
Species (MHC) human (B63)
Keywords optimal epitope
References [Frahm ez al.|2007
» C. Brander notes that this is an B63 epitope.

HXB2 Location p17 (76-86)
Author Location pl7
Epitope RSLYNTVATLY
Epitope name RY11
Subtype B, C
Immunogen HIV-1 infection
Species (MHC) human (B63, B57, B58)
Donor MHC A*02, A*24, B*¥1517, B*58, Cw*03, Cw*07
Assay type CD8 T-cell Elispot - IFNy
Keywords rate of progression, cross-presentation by dif-
ferent HLA, optimal epitope
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References |[Frahm et al.|2005

* HLA-B63-positive subjects were shown to be able to generate
CTL responses early in acute HIV infection and to control HIV
replication in the absence of antiretroviral treatment. Since
HLA-B63 shares the epitope binding motif of HLA-B57 and
-B58, it was shown that HLA-B63-positive individuals mounted
CTL responses to previously identified B57-restricted epitopes,
as well as novel, B63-restricted epitopes. Moreover, these novel
B63-restricted epitopes can also be presented by HLA-B57 and
-BS58.

* This is a putative HLA-B63/57/58 epitope containing the B5S8
supertype binding motif. Peptide reactivity was enriched
for those that carry B63, with a trend for those that carry
B57/B58. Optimal epitope was defined in an individual that
was B*1517(B63)/B58 positive.

HXB2 Location p17 (77-85)

Author Location pl7 (77-85)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A*02)
Keywords HAART, ART
References |[Huang et al.|2000

* The single cell ELISPOT assay was optimized and highly spe-
cific, and found to work well even after the primary cells had
been frozen and thawed.
Increases in gamma IFN producing cells were observed in re-
sponse to anti-retroviral therapy using single cell IFN-gamma-
production ELISPOT.
4/8 A*02 subjects had a positive response to this epitope indi-
cating that it is a major epitope for CD8+ gamma IFN produc-
tion.

In 3/3 HLA A*02, B*27 individuals, the dominant response in
gag measured by both gamma IFN production and T-cell lysis
was a B27 epitope, p24(263-272), not the A2 SLYNTVATL
epitope.

HXB2 Location pl7 (77-85)
Author Location pl17 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A*02)
Keywords HAART, ART
References |Rinaldo ez al.[2000
* Administration of triple-drug antiretroviral therapy (IDV, 3TC
and ZDV) sometimes showed a transient increase and other
times failed to increase CTL responses in patients with ad-
vanced HIV disease, but there is a stable population of tetramer
stained HIV-specific CD8+ CD45RO+ cells that can persist
after therapy and long periods of virus being below the level of
detection.

HXB2 Location p17 (77-85)
Author Location pl7
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A*02)
Keywords HAART, ART, immunodominance

HIV Molecular Immunology 2006/2007



Gag p17 CTL/CD8+ epitopes

References |Scott-Algara et al.[2001

 This study examined with CTL response in HLA A*02+ chil-
dren by tetramer staining for HLA-A2 immunodominant epi-
topes SLYNTVATL and ILKEPVHGV.

* 71% of the 28 HIV-1 infected HLA-A*02 positive children
recognized both epitopes, with cells from 26 children stained
positive by the gag tetramer (SLYNTVATL) and 21 children by
the pol tetramer (ILKEPVHGYV)

» There were no differences observed in children that had therapy
versus those that did not.

o Tetramer-binding cells were memory activated CD28-,
CD45RO+, CD45RA- HLADR+, CD69-, CD8+ T-cells.

HXB2 Location p17 (77-85)
Author Location p17
Epitope SLYNTVATL
Epitope name GAG
Immunogen HIV-1 infection
Species (MHC) human (A*02)
Country France.
Assay type Cytokine production, Tetramer binding, In-
tracellular cytokine staining, Flow cytometric
T-cell cytokine assay
Keywords responses in children, characterizing CD8+ T
cells
References |Scott-Algara et al.[2005
* Only a fraction of HIV-1-specific CD8 T-cells detected in the
PBMC of 17 infected children (ages 2-18) were able to produce
cytokines (IFN-gamma, TNF-alpha) or chemokines (CCL4,
CCLYS) after stimulation with the cognate peptide. A negative
correlation was found between the plasma viral load and the
precentage of CD8+ Gag-specific T-cells secreting IFN-gamma.
Tetramers used in this study were SLYNTVATL-HLA-A*02
and ILKEPVHGV-HLA-A*02.

HXB2 Location p17 (77-85)
Author Location pl7 (77-85 HXB2)
Epitope SLYNTVATL
Epitope name SL9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords epitope processing, immunodominance, es-
cape
References [Brander et al.l1999

* Multiple natural variations in the SL9 flanking regions of the
immunodominant epitope SLYNTVATL were tested and found
not to adversely affect CTL recognition or prevent epitope
processing, suggesting that viral escape from the HLA-A*0201-
restricted CTL response against SLYNTVATL is probably not
linked to variations in the flanking regions of this epitope.

* The substitution Y79F was an escape mutation in that it inter-
fered with CTL recognition by one CTL clone from an A*0201
infected individual, clone 13010.B17, but it was still recognized
by another CTL clone, 115.D4.

HXB2 Location p17 (77-85)
Author Location pl7
Epitope SLYNTVATL
Immunogen HIV-1 infection
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Species (MHC) human (A*0201)
Keywords acute/early infection
References [Wilson et al.|2000a
* Three individuals with highly focused HIV-specific CTL re-
sponses were studied during acute infection using tetramers —
high frequencies of HIV-1-specific CD8+ T cells were found
prior to seroconversion, and there was a close temporal relation-
ship between the number of circulating HIV-specific T-cells
and viral load was also found.
All three patients were B*2705, with HLA alleles: A1, A30/31,
B#2705, B35; Al, A*0301, B7, B2705; and A*0201, A*0301,
B2705, B39.
ELISPOT was used to test a panel of CTL epitopes that had
been defined earlier and were appropriate for the HLA haplo-
types of the study subjects — 3/3 subjects showed a dominant
response to the B*2705 epitope KRWIILGGLNK.
The subject with A*0201 had a moderately strong response to
SLYNTVATL.
Weak responses were observed to A*301-RLRPGGKKK,
A*301-QVPLRPMTYK, and B7-TPGPGVRYPL in the subject
who was HLA Al, A*0301, B7, B*2705.
No acute response was detected to the following epi-
topes: A*201-ILKEPVHGYV, A*301-KIRLRPGGK, A*301-
AIFQSSMTK, A*301-TVYYGVPVWK, B35-EPIVGAETF,
B35-HPDIVIYQY, B35-PPIPVGEILY, B35-NSSKVSQNY,
B35-VPLRPMTY, B35-DPNPQEV VL.

HXB2 Location p17 (77-85)
Author Location Gag
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
References [Tan ez al.|]1999
* Adoptive transfer of two autologous in vitro-expanded CTL
clones against the A*0201 restricted epitopes SLYNTVATL
and VIYQYMDDL were infused into a patient — they were well
tolerated, but the SLYNTVATL clone was shown by tetramer
staining to be rapidly eliminated through apoptosis, and the
treatment had no impact upon viral load and CD4 and CDS cell
counts.

HXB2 Location p17 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords immunodominance
References [Betts ef al.[2000

* Only 4/11 HLA-A2+ HIV+ individuals had CTL that reacted
to SLYNTVATL, calling into question whether it is immuno-
dominant.

* 95 optimally-defined peptides from this database were used to
screen for INFy responses to other epitopes.

* Individuals who did not respond to SLYNTVATL recognized
other HIV epitopes, and 2/4 SLYNTVATL responders had
stronger responses to epitopes restricted by other class I alleles.

* SLYNTVATL was the only response detected in a one individ-
ual that was HLA A*0201, B44, B70.

HXB2 Location p17 (77-85)
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Author Location p17 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords HAART, ART
References |Ogg et al.[1999
e CTL effector levels were measured after potent ARV ther-
apy using HLA-tetramer complexes for the A*0201 epitopes
SLYNTVATL and ILKEPVHGYV in seven patients, and the
B*3501 epitope DPNPQEV VL in one additional patient.
» Levels of CTL effectors typically decline for 5-7 days and then
rebound, fluctuating during the first two weeks of therapy.
« After the early fluctuation, there was a steady exponential decay
with a median half-life of 45 days.

HXB2 Location p17 (77-85)
Author Location p17 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
References |Altman et al.l1996
 This paper introduces the tetramer methodology that permits
quantification of specific CTL based on expression of specific
TCRs — HLA-A?2 tetramers were prepared that can stain CTL
lines specific for ILKEPVHGYV and SLYNTVATL, and quanti-
tate HIV-specific CD8+ cell lines in freshly isolated PBMCs.
» Three patients only stained the Gag epitope SLYNTVATL, one
patient had the highest frequency of tetramer staining to the
Pol epitope (0.77%), less to the Gag epitope (0.28%).

HXB2 Location p17 (77-85)
Author Location Gag
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords HAART, ART
References |Gray et al.|1999
Administration of highly active antiretroviral therapy (HAART)
reduced CD8+ cell frequency, and the CD8+ cells detected by
tetramer staining were likely to be memory cells, indicating
that persistently replicating viral populations are needed to
maintain high frequencies of HIV-1 specific CTL.

HXB2 Location pl7 (77-85)
Author Location pl7 (77-85 SF2)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords subtype comparisons
References [McAdam et al.[1998
¢ CTL from a patient infected with clade B virus did not recog-
nize the clade A analog of this epitope.

HXB2 Location pl7 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL

Epitope name SL9
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Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords TCR usage
References |Wilson et al.|1998a
e HIV+ individuals were followed longitudinally using MHC
tetramers in combination with 14 anti-BV chain MAbs, and
clonal expansion of HIV-specific T cells was followed in vivo.
* Seven HIV+ people were studied, and all showed expansions of
particular TCR BV clones, often several, relative to uninfected
controls.
» Three patients were followed in detail, TCR VB expansions
persisted for 2 to 3 years, with occasional transient increases.
* An A2-Gag specific line from one patient was found to be BV8,
and at its highest level represented 17.5% of the patient’s CD8+
T cells.

HXB2 Location p17 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
References |Ogg et al.|1998b
* HLA-tetrameric complexes were used in a cross-sectional study
of 14 untreated HLA A*0201 positive individuals, revealing
an inverse relationship between HIV Gag and Pol specific CTL
effector cells (CTLe) and viral load.
Inclusion of both the p17 SLYNTVATL and RT ILKEPVHGV
epitopes gives a good representation of HLA A*0201-restricted
activity.
No correlation was observed between the CTLe and CD4 count
or clearance rate of productively infected cells.

HXB2 Location p17 (77-85)
Author Location pl17 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen in vitro stimulation or selection
Species (MHC) human (A*0201)
Keywords epitope processing
References |Walter et al.|1997
* HLA-A2 heavy chain and 2-microglobulin expressed in E.
coli were refolded in the presence of this peptide.
* The HLA-A2-peptide complex elicited HLA-A2 peptide-
specific CTL response in cells lacking HLA-A2.
* Suggests that preformed HLA-peptide complexes could pro-
vide an alternate to intracellular processing for immunogens.

HXB2 Location pl7 (77-85)
Author Location p17 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
References |[Lalvani ef al.|1997
* A peptide-based protocol was optimized for restimulation of
CTLp using optimized peptide and IL-7 concentrations — impor-
tantly this protocol does not stimulate a primary response, only
secondary — peptide-specific CTLp counts could be obtained
via staining with peptide-Class I tetramers.
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» This peptide was one of the test peptides for optimizing the
protocol.

HXB2 Location pl17 (77-85)
Author Location pl7 (76-84)
Epitope SLYNTVATL
Epitope name SL9
Immunogen in vitro stimulation or selection
Species (MHC) human (A*0201)
References |van der Burg et al.|[1996
» Slow dissociation rate is associated with immunogenicity.
* CTL generated by in vitro stimulation of PBMC derived from
uninfected individual.

HXB2 Location p17 (77-85)

Author Location pl7 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords review, escape
References |Goulder et al.|1997¢};|Goulder et al.|1997a
* HLA-identical siblings, hemophiliac brothers, were both in-
fected with the same batch of factor VIIL

* One had a response to gag A2 epitope SLYNTVATL, the other
to pol A2 epitope ILKEPVHGYV. They were tested 6-8 years
after infection.
Viral sequencing from the twin that had no response to SLYNT-
VATL indicated his virus had the substituted form SLH-
NAVAVL.
71% of an additional set of 22 HIV-1 infected HLA-A*0201
positive donors preferentially responded to gag SLYNTVATL.
Those individuals with a pol ILKEPVHGYV response tended to
have mutations in or around SLYNTVATL.
An additional subject went from SLYNTVATL responder to
non-responder coincident with a switch to the variant SLFNT-
VATL.

Goulder et al.|[[1997a] is a review of immune escape that sum-
marizes this study.

HXB2 Location p17 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords review
References |Goulder et al.|1997a

e This paper is a review of CTL and immune evasion, but it
presents a study of a shift from an HLA-A*0201 response to
SLYNTVATL, to a B62 response to GLNKIVRMY.

* Aslong as a strong CTL response to SLYNTVATL was evident,
the epitope variants SLENTVATL or SLYNTIATL dominated
the viral population — eventually the CTL response to the index
peptide became undetectable, the CTL response shifted to a
focus on GLNKIVRMY, and the index peptide SLYNTVATL
once again established itself as the dominant form.

HXB2 Location p17 (77-85)
Author Location Gag (77-85)
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Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords HAART, ART
References |Gray et al.|1999
* Peptide-tetramer complexes of A*0201 and SLYNTVATL
or ILKEPVHGV were used to study individuals receiving
HAART to determine the frequency of Class I HLA-restricted
anti-HIV CD8+ T cells.
* 17/18 asymptomatic patients had a CTL response to one or
both epitopes — 72% had a CTL response to SLYNTVATL.
» After HAART, the majority of the epitope-specific CTL were
apparently memory cells.

HXB2 Location p17 (77-85)
Author Location p17 (77-85 subtype A)
Epitope SLFNTVATL
Epitope name SL9
Subtype A
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords subtype comparisons
References |Dorrell et al.l[1999

* CTL responses in three individuals with non-clade B infections
were studied, two with subtype A infections, one with subtype
C — their infections all originated in East Africa.

* This epitope is most commonly SLYNTVATL in B subtype,
and CTL from the C subtype infection did not recognize B
clade gag or the 3Y form of the epitope, but did recognize the
predominant A and C clade form, SLENTVATL.

HXB2 Location p17 (77-85)
Author Location pl17 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords immunodominance
References Brander et al.|1998a

* Of 17 infected HLA A*0201 subjects, 13 had CTL re-
sponses against the p17 SLYNTVATL epitope, six recognized
ILKEPVHGYV and five recognized VIYQYMDDL, and there
was no correlation between viral load and recognition of a
specific epitope.

* Only one subject had CTL against all three epitopes.

* There was significant heterogeneity in the CTL response to this
immunodominant epitope.

* The overall variation in this epitope among the 17 who had a
CTL response and 11 non-HLA A*0201 HIV-1 + individuals
was similar, suggesting a lack of immune pressure.

* Subjects were part of the San Francisco City Clinic Cohort, the
ARIEL project and from the Boston area.

HXB2 Location pl7 (77-85)
Author Location pl7 (77-85 HXB2)
Epitope SLYNTVATL
Epitope name SL9
Subtype B
Immunogen HIV-1 infection
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Species (MHC) human (A*0201)
Keywords rate of progression, immunodominance
References [Hay et al.[1999
¢ CTL response to IPRRIRQGL was the immunodominant re-
sponse in a rapid progressor — there was a subdominant re-
sponse to SPAIFQSSM in Pol, and interestingly, no response
to commonly immunodominant HLA A*0201 epitope SLYNT-
VATL, although this individual was HLA A*0201.
The individual showed a strong initial CTL response at the time
of the initial drop in viremia, but it was quickly lost, although
memory cells persisted.
Despite the initial narrow response to two epitopes, no other
CTL responses developed.
No HIV-specific lymphoproliferative responses were detected
in this patient, and neutralizing antibody response was weak.
A variant of this epitope was observed in vivo (-F—-V-), but
this mutation is recognized by SLYNTVATL-specific CTL,
and in this case the patient’s cells could present the peptide to
SLYNTVATL-specific CTL.

HXB2 Location p17 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords HAART, ART
References |[Kalams et al.l[1999b
Two patients were followed before and after HAART - reduced
plasma HIV-1 RNA levels resulted in a decline in HIV-specific
in-vivo activated CTL such that by day 260 CTL activities were
undetectable.
ERYLKDQQL was the dominant response in one of the indi-
viduals, SLYNTVATL subdominant.
Sporadic breakthrough in viremia resulted in transient increases
in CTLp.
Memory CTL frequency directed against Vac-Gag, Vac-RT,
Vac-Env, and Vac-Nef initially increased with HAART and
then decreased with the decline of the viral load.

HXB2 Location p17 (77-85)
Author Location Gag (77-85)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
References [Spiegel et al.|2000

* High levels of CD8+ HIV-1 specific and cytomegalovirus spe-
cific CTL were detected by HLA-A*0201-peptide tetramers in
3 infected subjects with very low CD4 counts, but CD8 T cell
mediated effector activity was not seen.

* Thus HIV-1 specific CD8+ cells may be present but may lack
direct effector activity in late disease, suggesting that over-
coming antigen unresponsiveness may be a useful therapeutic
strategy.

HXB2 Location pl7 (77-85)
Author Location Gag (77-85)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
References |Larsson et al.|1999
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* ELISPOT was used to assay the CD8+ T-cell response to the
HIV-1 proteins Gag, Pol, Nef or Env expressed in vaccinia
vectors in 19 HIV+ people.

* The highest CTL frequency was directed at epitopes Pol.

* In A*0201 individuals, higher numbers of spot-forming T cells
were directed against HIV-1 proteins expressed in vaccinia than
to peptides SLYNTVATL and ILKEPVHGYV presented by A2.

HXB2 Location p17 (77-85)
Author Location pl17 (SF2)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords subtype comparisons, immunodominance
References |Goulder et al.|2000a
* The CTL-dominant response was focused on this epitope in
11/25 HLA A2 (A*0201 or A*0202) HIV+ individuals from
Boston and in 1/8 HLA A2 HIV+ individuals from Durban.
Three peptides GSEELRSLYNTVATL (p17 residues 71-85),
SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRL-
RPGGKKKYKLK (p17 16-30) contained the dominant Gag-
specific epitope in 31/44 B-clade infected individuals from
Boston who showed Gag-CTL responses.
Five peptides RLRPGGKKHYMIKHLVW (pl17 20-36),
ELRSLYNTVATLYCYV (p17Gag 74-88), SALSEGATPQDL-
NTMLNTVG (p24 41-60), FRDY VDRFFKTLRAEQA (p24
161-177), and SILDIKQGKEPFRDY (p24 149-164) contained
dominant Gag-specific epitopes in 32/37 C-clade infected sub-
jects from South Africa.

HXB2 Location p17 (77-85)
Author Location pl17 (77-85 LAI)
Epitope SLYNTVATL
Subtype B
Immunogen
Species (MHC) human (A*0201)
Keywords optimal epitope
References [Frahm ez al.|2007
* C. Brander notes this is an A*0201 epitope.

HXB2 Location p17 (77-85)

Author Location pl17 (77-85 SF2)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords escape, acute/early infection
References |Goulder et al.|2001a

This epitope is targeted by 75% of HLA-A*0201, HIV+ adults,
and the magnitude of the response is inversely correlated with
viral load.
* CTL responses to SL9 and autologous SL9 variants were not
detected in 11 HLA-A*0201 positive subjects during acute
infection.
Longitudinal studies of two individuals (AC13 and PI004)
showed that the initial control of viremia was independent
of the SL9 CTL response.
Low Gag expression levels did not correlate with the delayed
CTL response to this epitope.
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* Autologous SL9 variants SLYNTIAVL, SLYNTVAVL, SLENT-
VATL, SLFENTVATL, and SLFNTVATL are each capable of
inducing a range of CTL responses, sometimes strong, some-
times diminished, and sometimes complete escape relative to
the wild type variant SLYNTVATL in patients with chronic
HIV-1 infection — the ability to cross-react with a particular
variant was patient dependent.

HXB2 Location p17 (77-85)
Author Location pl7
Epitope SLYNTVATL
Epitope name p17 SL9
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords subtype comparisons, supertype, computa-
tional epitope prediction
References |Altfeld et al[2001c

e HIV was scanned for all peptides which carried the A2-
supermotif pattern conserved in more than 50% of B clade
sequences — 233 peptides met this criteria, and 30 of these
bound to HLA-A*0201 — 20/30 bound to at least 3/5 of HLA-
A2 supertype alleles tested.

» Three additional previously described HLA-A2 epitopes were
added to the set of 20, including p17 SL9, and 18/22 chronically
infected HLA-A?2 individuals had CTL that recognized at least
one of the 23 peptides (median of 2 and maximum of 6), while
6/12 acute infected individuals recognized at least 1 (median
of 1 and maximum of 2).

* p17 SL9 was recognized in 12/22 patients with chronic HIV-1
infection.

e Only 1/13 patients with acute HIV-1 infection recognized p17
SLO.

HXB2 Location p17 (77-85)
Author Location Gag
Epitope SLYNTVATL
Epitope name (SL9)
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
References |Goepfert et al.|2000
* This paper describes a comparison of results of different CTL
assays, a SLO tetramer assay and IFN-gamma ELISPOT, using
7 HIV-positive patients.
The IFN-gamma ELISPOT assay was compared using the
single SL9, a pool of overlapping 20 mers, and recombinant
vaccinia encoding Gag as antigen — pooled peptides gave the
highest number of spot forming cells, vaccinia gave high back-
ground.
A correlation with results of the tetramer assay was found
only for ELISPOT using the Gag epitope as antigen, but the
tetramer assay detected a 10-fold higher number of cells than
could produce IFN-gamma in the ELISPOT assay — the authors
suggest not all tetramer-positive cells may produce IFN-gamma,
some may be undergoing apoptosis, some may be producing
other cytokines.
The tetramer assay could detect a reaction to SLYNTVATL
in most of the HLA-A*0201 chronically HIV-1 infected study
subjects.

HXB2 Location p17 (77-85)
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Author Location Gag (77-85)
Epitope SLYNTVATL
Immunogen
Species (MHC) human (A*0201)
Keywords binding affinity
References [Sandberg ef al.|2000

* This epitope served as a positive control in a study comparing

peptide binding affinity to HLA-A201 to CTL responses upon

vaccination with a nef DNA vaccine.

HXB2 Location p17 (77-85)
Author Location Gag (LAI)
Epitope SLYNTVATL
Subtype B
Immunogen in vitro stimulation or selection
Species (MHC) human (A*0201)
Keywords dendritic cells
References |[Engelmayer et al.|2001
* Recombinant canarypox virus vector containing HIV-1 se-
quences, upon infection of mature dendritic cells, can trigger
specific lysis through in vitro by T-cells from HIV-1 infected
individuals at levels comparable to the response seen to HIV
carried in vaccinia vectors.
* Recombinant canarypox virus vector containing HIV-1 se-
quences can also stimulate HIV-specific CD4+ helper T-cell
responses.
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HXB2 Location p17 (77-85)
Author Location pl17 (77-85 LAI)
Epitope SLYNTVATL
Epitope name G3
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords HAART, ART
References [Mollet et al.|2000
* A panel of 16 epitopes covering 15 class I alleles was tested
in 14 HIV+ patients from an unselected Caucasian population
treated with HAART, using tetramer staining or CD8+ cell
IFNgamma production to measure responses.
In general, during the first month of treatment viral load de-
creased and frequencies of HIV-specific CTL tripled and broad-
ened — eight new HIV specificities that were not previously
detectable were newly detected, as were CMV specific CD8+
PBL - but with continued viral suppression, HIV-specific re-
sponses diminished.
Viral rebounds gave different patterns of response: increases
or decreases in pre-existing response, new specificities, or no
change.

HXB2 Location p17 (77-85)
Author Location Gag
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
References |Gea-Banacloche et al.l[2000
* In a study including many long-term non-progressors, no corre-
lation between plasma virus levels and number of HIV-specific
CD8+ T-cells was found.
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* High frequencies of circulating CD8+ T-cells were HIV-1 spe-
cific, and the majority of these responses were to gag-pol gene
products.

* 4/21 subjects were HLA-(A*0201), and of these only 2 subjects
(patient 3 and 19) tested positive to this epitope.

HXB2 Location p17 (77-85)
Author Location pl7 (77-85 SF2)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords supertype, rate of progression
References |Propato et al.[2001

* Long-term nonprogressors (LTNPs) had strong memory resting

CD8+ T-cell responses against the majority of epitopes tested,

(18 for the A2 supertype, 16 for the A3 supertype) while the

effector cells of long-term nonprogressors recognized far fewer

epitopes.

Progressors had memory resting CD8+ T-cells that recognized

far fewer epitopes than LTNPs.

* A positive correlation between effector CD8+ T-cells and
plasma viremia and a negative correlation between CD8+ ef-
fector T-cells and CD4+ T-cells was observed, which may
contribute to the inability of LTNPs to clear virus.

o Tetramer staining with A2, beta2microglobulin, and either
SLYNTVATL, KLVGKLNWA, or LTFGWCFKL revealed that
tetramers detected more HIV-specific sells in LTNP than in
progressors, activated effector cells were the minority popu-
lation, and ELISPOT correlated better with the effector cell
subpopulation than the total tetramer stained population.

HXB2 Location pl7 (77-85)
Author Location Gag (77-85)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords HAART, ART, rate of progression
References Jin et al.|2000a
* The CTL effector levels (CTLe) were compared in long term
non-progressors (LTNP) with low viral load and in patients
whose virus was well-suppressed by therapy, using a tetramer
assay.
¢ LTNPs have high memory CTLe numbers and low viral load,
while HAART patients had low CTLe numbers and low viral
load.

HXB2 Location pl7 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
References |Appay et al.|2000

* Combined tetramer and intracellular cytokine staining was used
to study the function of circulating CD8+ T cells specific for
HIV and CMV.

* HIV-specific CD8+ T cells expressed lower levels of perforin
than CMV-specific CD8+ T cells from the same donor, and
this was associated with persistent CD27 expression on HIV-
specific cells, suggesting impaired maturation.
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* In most donors, between 50% and 95% of the activated virus-
specific CD8+ T cells produced IFN-y and MIP-1§ with a
distinct subset that failed to produce TNF-a.

HXB2 Location p17 (77-85)
Author Location pl17 (77-85)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
References |Goulder ez al.[2000b
* Tetramer assays were compared with three functional assays in
42 people with chronic HIV infection: ELISPOT, intracellular
cytokine staining, and precursor frequency (limiting dilution
assay [LDA]).
» HIV-specific tetramer staining CTLs appeared to be active, and
inert CTL were not found to play a significant role in chronic
pediatric or adult HIV infection.

HXB2 Location p17 (77-85)
Author Location pl17
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords dendritic cells
References |Ostrowski ez al.[2000

* The role of CD4+ T-cell help in expansion of virus-specific
memory CTL was studied through co-culture ex vivo.

* Optimal expansion of HIV-1-specific memory CTL depended
on CD4+ T cell help in 9/10 patients — CD40 ligand trimer
(CD40LT) could enhance CTL in the absence of CD4+ T cell
help to a variable degree in most of patients.

* Those CTL that didn’t respond to CD40LT could expand with
IL2 present, and IL15 produced by dendritic cells also contrib-
utes.

* The T-helper epitope used for CD4+ T cell stimulation was the
universal tetanus helper epitope TET830-843 (QYIKANSK-
FIGITE).

HXB2 Location p17 (77-85)
Author Location
Epitope SLYNTVATL
Subtype B
Immunogen vaccine
Vector/Type: canarypox prime with gp120
boost, canarypox prime with gpl160 boost
Strain: B clade LAI, B clade MN, B clade
SF2 HIV component: Gag, gpl120, gp4l,
Nef, Pol
Species (MHC) human (A*0201)
Keywords vaccine-specific epitope characteristics
References |Ferrari ef al.|2001

* Different HIV strains were used for different regions: gp41
LAI Gag LAI gp120 MN, gp120 SF2.

* Two vaccinees with Gag responses were HLA-A*0201+, but
neither made SLYNTVATL responses to the Gag vaccine, in
contrast to its frequent recognition in natural infections. No
HLA-A*0201 responses were observed to an Env vaccine.

HXB2 Location p17 (77-85)
Author Location
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Epitope SLYNTVATL
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords rate of progression, immunodominance
References Migueles & Connors|2001
¢ CTL activity was monitored in 27 individuals, including 10
LTNP with an over-expression of HLA B*5701 — these individ-
uals have viral loads below the threshold of infection without
therapy, and their immune response tends to be focused on
peptides that contain B*5701 epitopes ISPRTLNAW, KAF-
SPEVIPMF, TSTLQEQIGW, and QASQEVKNW.
¢ CTL responses are broader in B*5701+ individuals with pro-
gressive viremia than those that control viremia.
e The HLA-A*0201 SLYNTVATL epitope response was not as
strong in individuals that carried both A2 and B57.

HXB2 Location p17 (77-85)

Author Location Gag (77-85)
Epitope SLYNTVATL
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords epitope processing, immunodominance
References [Sewell ef al.l2002

 Epitope processing of three different HLA-A*0201 HIV epi-
topes was shown to use different pathways, which might influ-
ence patterns of immunodominance. 174 cells were used that
lack TAP1 and TAP2 genes, as well as the LMP2 and LMP7
genes that encode the beta-subunits of the immunoproteasome.
These genes could be added back through transfection to study
processing.
ILKEPVHGYV was efficiently presented in TAP-1 and -2 trans-
fected cells while VIYQYMDDL and SLYNTVATL were not.
VIYQYMDDL was destroyed by the MB1 subunit of the pro-
tease, and could be expressed in the presence of the proteasome
inhibitor lactacystin, but SLYNTVATL expression was not re-
stored. SLYNTVATL expression was unaltered by lactacystin
in a wild type cell line.

HXB2 Location pl7 (77-85)
Author Location Gag (ADA)
Epitope SLYNTVATL
Epitope name SL-9
Subtype B
Immunogen HIV-1 infected monocyte-derived
Species (MHC) mouse (A*0201)
References [Poluektova et al.J2002
* Nonobese diabetic NOD-C.B-17 SCID mice were reconsti-
tuted with HLA-A*0201 positive human PBL and injected with
HIV-1 infected monocyte-derived macrophages MDM in the
basal ganglia to provide a mouse model of HIV-1 encephalitis.
« HLA-A*0201 CTL responses were detected by tetramer stain-
ing in the spleen in seven days, increased through day 14, and
the numbers of productively infected were reduced >85% in
the second week.

HXB2 Location p17 (77-85)
Author Location pl7 (77-85 LAI)
Epitope SLYNTVATL
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Epitope name LR23
Subtype B
Immunogen vaccine
Vector/Type: peptide Strain: B clade LAI
Adjuvant: Incomplete Freund’s Adjuvant
(IFA), Montanide (ISA 720), P30, PLG
Species (MHC) mouse (A*0201)
Keywords binding affinity, vaccine-specific epitope char-
acteristics, immunodominance
References |Peter e al.|2001

* The stability of peptide binding to HLA-A2.1 was determined
for six HLA-A2.1 peptides included in this vaccine study
— ILKEPVHGV (RT), SLYNTVATL (p17), SLLNATDIAV
(gp41) and LLWKGEGAV (RT) all bound with high affinity
comparable to a influenza epitope reference (GILGFVFTL),
while RGPGRAFVTI and VIYQYMDDL bound with a lower
affinity (relative binding activity = 0.01).

* The four high-affinity peptides formed stable complexes with
half-lives ranging between 8 and 32 hours, while the low affin-
ity peptides had half lives of less than an hour.

* HLA-A2.1 transgenic mice were immunized with the six HI'V-1
peptides and P30, as a universal T-helper epitope, with IFA or
Montanide or microspheres as adjuvants.

* All peptides except VIYQYMDDL induced a stong CTL re-
sponse in Cr-release assays - stronger responses were observed
when peptides were delivered alone, indicating immunodomi-
nance when the combination was used.

HXB2 Location p17 (77-85)
Author Location pl17 (77-85 LAI)
Epitope SLYNTVATL
Epitope name LR23
Subtype B
Immunogen vaccine
Vector/Type: peptide Strain: B clade LAI
Adjuvant: Incomplete Freund’s Adjuvant
(IFA), IL-12, P30
Species (MHC) mouse (A*0201)
Keywords vaccine-specific epitope characteristics, im-
munodominance
References |Peter ef al.|2002
* When HIV-1 peptides were used to vaccinate HLA-A2.1 trans-
genic A2-Kb mice, strong responses to five peptides were ob-
served when the peptides were given individually, but immun-
odominance limited the response to some of the peptides when
they were given in combination |Peter ef al.|[2001]]. IL-12 can
counteract immunodominance in BALB/c mice, so it was given
with the multiple epitope vaccination, and was instead found to
specifically eliminate the HLA-A2.1-epitope CTL responses,
but not Kb CTL responses. This was possibly a consequence
of transient depletion of T-cells, B cells and macropahges in
the spleen.

HXB2 Location p17 (77-85)
Author Location pl17 (77-85)
Epitope SLYNTVATL
Immunogen computer prediction
Species (MHC) (A*0201)
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Keywords subtype comparisons, computational epitope
prediction, vaccine-specific epitope character-
istics, escape

References [Schonbach et al.|2002

¢ Computational methods (artificial neural networks [ANN], hid-
den Markov models [HMM], binding matrices based on HLA
association rates BIMAS) were used to identify HLA-A*0201
and HLA-B*3501 HIV T-cell epitope candidates from 533 Gag,
Env and Pol sequences of which 374 were derived from HIV-1,
97 were derived from HIV-2 and 62 from SIV. Comparisons to
known epitopes and between clades were made.

The SLYNTVATL epitope received focused discussion.
SLYNTVATL, slFntvatl, slyntvaVl, and slyntlaV] are all recog-
nized variants, ANN predicts all four variants would be recog-
nized, while BIMAS only predicts SLYNTVATL and slFntvatl
would be recognized. However, |Sewell et al.| [1997|] suggested
certain substitutions may be antagonistic, including slFntvatl,
and vaccines do not stimulate SLYNTVATL responses as well
as natural infections. The authors note these kinds of issues
complicate the application of computational predictions of epi-
topes to vaccine design.

HXB2 Location p17 (77-85)
Author Location Gag (76-84)
Epitope SLYNTVATL
Subtype B
Immunogen vaccine
Vector/Type: DNA  HIV component: HIV-1
Species (MHC) mouse (A*0201)
Keywords epitope processing, vaccine-specific epitope
characteristics, immunodominance
References |Singh ef al.|2002; |Sykes & Johnston| 1999
C3H (H-2k) transgenic mice carrying a fused HLA-A*0201
alphal and alpha2 and H-2Dk alpha3 hybrid class I molecule
were immunized using an epidermal gene gun with an ubiqui-
tin expression library of 32 plasmids that spanned the HIV-1
genome. Ubiquitin targets the expressed HIV-1 peptides to the
proteasome.
A single immunization with the UB-HIV-1 library vaccine
induced potent, stable and multivalent CTL responses against
all library members.
Immunodominant epitopes SLYNTVATL (Gag), ILKEPVHGV
(Pol), RIQRGPGRAFVTIGK (Env) and AFHHVAREK (Nef)
elicited strong CD8+/IFN- responses and stimulated CTL that
were functional in a Cr-release assay and against wild type
antigen.
The presence of multiple plasmids HLA-A*0201-restricted
CTL epitopes did not decrease CTL immunogenicity, and CTL
responses to single peptide immunizations were comparable to
responses based on mixtures of either 16 or 32 peptides.

HXB2 Location p17 (77-85)
Author Location
Epitope SLYNTVATL
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Donor MHC A*0202, A*2501, B*1801, B62, Cwl0,
Cw*1203, DRB1*1501, DQB1*#8
Keywords rate of progression, Th1, Th2
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References Imami ez al.|2002b

* 70 patients with chronic disease progression, 10 clinical non-
progressors, and 3 immunologically discordant progressors
(individuals who controlled viremia but had progressive CD4+
T-cell decline) were analyzed for their T-helper cell responses
to p24 and cytokine profile. Long term non-progressors had
much stronger Th responses, particularly to p24 peptides, and
they tended to be balanced between Th1, IL-2 producing and
Th2, IL-4 producing responses.

One of the immunologically discordant progressors became
symptomatic during the course of the study, and he had a rapid
drop in proliferative response to all antigens and also a shift
from a Th1 to a Th2 response. To find out if the CD8 response
also shifted in cytokine production, the CD8+ T-cell response to
SLYNTVATL in this patient was also tested. It too was found to
shift, from IFNgamma to IL-4 producing in Elispot, and using
a bioassay of indicator lines, from IL-2 to IL-4 production.

HXB2 Location p17 (77-85)
Author Location pl17 (77-85)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Donor MHC A*0201, All, B51, B61, Cw2, Cw*14
Assay type CD8 T-cell Elispot - IFNy
Keywords binding affinity, acute/early infection, early-
expressed proteins
References [Cao et al.[2003
* CTL epitope responses were mapped in 21 men within 15-92
days post-HIV-1 infection. Subjects initially showed narrow
immune responses with a mean of 2.3 epitopes recognized per
patient. The immune response broadened later in infection. No
correlation between the plasma viral load and the number of
recognized epitopes or the frequency of IFN-gamma secret-
ing cells was observed, and there was no correlation between
the functional avidity of responses and the abundance of IFN-
secreting cells that recognized the epitope. The first epitopes
to be recognized tended not to be the most avid, and earliest
responses tended to be directed against Nef, Tat, Vpr, and Env.
Only 1/10 HLA A*02 carrying individuals in this study recog-
nized SLYNTVATL.
All HIV-1 proteins except Vpu were recognized, and responses
to a total of 41 optimal epitopes were characterized; 24 had
been identified previously. 48% of the total T-cell responses
were directed against Nef and 43% were directed against Gag.
More common HLA alleles were less frequently used in pri-
mary infection than less common alleles, for example A3, B35,
B57, and B62 were more frequently recognized than Al, A2,
A30, and A44.

HXB2 Location p17 (77-85)
Author Location
Epitope SLYNTVATL
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A*0201)

Assay type Cytokine production, proliferation, Tetra-
mer binding, Intracellular cytokine staining,
Chromium-release assay

References |[Dagarag et al.|2003
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* Telomer length is short in the CD8+ T-cell compartment of
HIV-1 infected people, indicating excessive CTL activation and
premature senescense. Here human telomerase RT (W\TERT)
transduction of HIV-1-specific CTL was used to study the func-
tional impact of telomerase. Telomerase expression enhanced
proliferative capacity, as well as cytolytic and antiviral capabil-
ities; cytokine production was unchanged. hTERT transduced
CTLs were 10-fold more efficient in controlling HIV-1 replica-
tion in culture. Thus telomerase transduction can restore CTL
mediated cytolysis, and may have therapeutic potential.

Three polyclonal CD8+ T-cell lines derived from an HIV-1,
HLA A*0201 positive patient were used in this study, including
one specific for this epitope.

HXB2 Location p17 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Subtype B
Immunogen vaccine
Vector/Type: peptide HIV component: p24
Gag
Species (MHC) mouse (A*0201)
Donor MHC A2.1
Assay type Cytokine production, Chromium-release as-
say
Keywords binding affinity, vaccine-induced epitopes
References |Okazaki et al.|[2003
¢ Alanine substitutions of VIYQYMDDL were tested for im-
portance of each amino acid for HLA-A2.1 binding. Peptide
variant (vLyqymddV) showed an 8 fold higher MHC binding
affinity than wild type. YLyqymddV had an even higher bind-
ing affinity, but the Y at position one blocked TCR recognition.
The higher affinity form of vLyqymddV induced CTL in vivo
that could protect against a vaccinia virus expressing RT and
the wild type epitope.
* SLYNTVATL was included as a control.

HXB2 Location pl7 (77-85)

Author Location Gag (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Assay type Tetramer binding
Keywords genital and mucosal immunity
References [Shacklett et al.l2003

* Lymphocytes from rectal biopsies were used to characterize
the CD8+ T cell response to HIV in GALT, Gut-associated lym-
phoid tissues. Patients were selected on the basis of being HLA-
A2+ and having detectable SLYNTVATL and ILKEPVHGV
tetramer responses in PBMC. SLYNTVATL frequency was
increased in GALT relative to PBMC in 6/7 patients studied,
while a control response to a CMV-peptide was diminished
in GALT. Only two patients had ILKEPVHGV CD8+ T cell
responses, and both had slightly higher frequencies in GALT
than PBMC.
HIV may perturb lymphocyte retention in GALT, suggested by
an overall reduction of GALT CD8+ cells expressing alphaE-
beta7. GALT HIV-specific CD8+ T cells expressed alphaE-
beta7, suggesting mucosal priming.
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HXB2 Location pl17 (77-85)
Author Location
Epitope SLYNTVATL
Epitope name SL9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Country United States.
Assay type CDS8 T-cell Elispot - [FNY, Tetramer binding,
T-cell Elispot, Intracellular cytokine staining,
Flow cytometric T-cell cytokine assay
Keywords epitope processing, escape, variant cross-
recognition or cross-neutralization
References [Jamieson et al.[2003

 Epitope escape mutations in chronically infected individuals
developed over several years indicating selective advantage of
escape mutants. The maturation state of CTLs appear to affect
the rate of epitope mutation and CTL decay.

* In two patients, SL9-specific CTL peaked at 2-4 years post-
infection; at that point the escape mutations began to dominate
followed by CTL decline with a 6 month lag, suggesting CTL
decline resulted as a consequence of escape. In a third patient,
the initial response was 1/2 as strong and mutations did not
arise until 6-7 years post-infection; in that case the decline in
SL9 CTL preceded epitope mutation.

» Two patients HLA-A*0201 started out with a non-consensus se-
quence, slFntvatl. In one of the patients, a transient reversion to
the consensus was observed after 4 years, that did not reappear
until the 11th year, suggesting the possibility that a reversion
to the consensus form occurred, but a CTL response may have
limited it so that this more fit form could not re-assert itself
until the patient had a more severely compromised immune
response.

HXB2 Location p17 (77-85)
Author Location Gag
Epitope SLYNTVATL
Epitope name SL9
Subtype B
Immunogen in vitro stimulation or selection
Species (MHC) human (A*0201)
Country United States.

Assay type Cytokine production, Tetramer binding, Intra-
cellular cytokine staining, Chromium-release
assay, Flow cytometric T-cell cytokine assay

Keywords epitope processing, rate of progression, im-
munodominance, acute/early infection, den-
dritic cells, TCR usage, memory cells

References |[Kan-Mitchell ez al.[2004

» SL9-specific CTLs were shown to be primed by immature DCs
and independent of help from CD4+ or exogenous IL2, and
sensitive to paracrine IL-2 induced apoptosis. The authors
suggest that the reason SL9 responses are not seen during acute
infection is the high level of innate immune responses resulting
in cytokine-induced apoptosis, but that these CD8+ T-cells
would come to dominate later infection when CD4 help is
diminished.

HXB2 Location pl7 (77-85)
Author Location pl7 (77-85)

99

+
o«
@)
O
-
-
O




0
—
-
(@)
O
==]
+

HIV CTL/CD8+ Epitope Tables

Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Donor MHC A*0201, A*2402, B*52, B75, Cw*03;
A*0201, A*31, B*27, B*5101, Cw*02;
A*0207, A*2402, B*¥46, B*52, Cw*01
Country Japan.
Assay type Chromium-release assay
Keywords epitope processing, escape
References |Yokomaku et al.|[2004

» Epitope variants escaped from being killed by CTLs in an
endogenous expression system although they were recog-
nized when corresponding synthetic peptides were exogenously
loaded onto the cells. Escape is thus probably due to changes
that occur during the processing and the presentation of epi-
topes in infected cells.

* Endogenously expressed wild type epitope and slyntlatl vari-
ants were recognized by CTL clones while slynLvatl, sIFntvaVl
and sVyntvatl variants were not. sVyntvatl and slFntvaV1 vari-
ants were, however, recognized when added exogenously to
the cells.

HXB2 Location p17 (77-85)
Author Location p17 (77-85 LAI)
Epitope SLYNTVATL
Epitope name SL9
Subtype B
Immunogen vaccine
Vector/Type: canarypox prime with gp120
boost, vaccinia prime DNA boost Strain:
B clade LAI B clade MN  HIV component:
Gag, gp120, gp41, Protease  Adjuvant: GM-
CSF
Species (MHC) human (A*0201)

Assay type Cytokine production, CD8 T-cell Elispot -
IFNY, Tetramer binding, Chromium-release
assay, Flow cytometric T-cell cytokine assay

Keywords vaccine-specific epitope characteristics, im-
munodominance, characterizing CD8+ T cells

References |[Ferrari ez al.[2004

* Thirteen HLA-A*0201 vaccines with anti-Gag CD8+ CTL
reactivities were tested in uninfected HIV vaccine recipients to
examine the pattern of SL9 epitope immunodominance. None
of the vaccines had a detectable anti-SL9 response, in contrast
to 75% of HLA A*0201 chronically infected HIV+ individuals
that respond to this epitope.

HXB2 Location pl7 (77-85)
Author Location p17
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords review, rate of progression, escape,
acute/early infection
References |Goulder & Watkins/[2004
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* This paper is a review of the role of CTL in HIV infection, and
it uses SL9 as an example of an epitope that is not responded
to early in infection, yet 75% of HIV+ people respond to SL9
during chronic infection. Despite the delay in response, strong
SL9 responses have been associated with lower viral loads, and
escape mutations arise.

HXB2 Location p17 (77-85)

Author Location (C consensus)

Epitope SLYNTVATL

Subtype C

Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Country South Africa.
Assay type CDS8 T-cell Elispot - IFNy
Keywords characterizing CD8+ T cells
References |Kiepiela et al.|2004

* HLA class I restricted CD8+ T-cell responses against HI'V-1
were analyzed in African patients. Significantly more responses
were shown to be HLA-B restricted. Viral load, CD4 count,
and thus rate of disease progression were also associated with
HLA-B alleles. In addition, the selection pressure imposed on
HIV-1 by HLA-B alleles was shown to be substantially greater
than by other alleles.
This epitope was suggested to be the epitope within a longer
reactive peptide based on correspondence with a known epitope
in the HIV database. Also, a significantly higher frequency of
people in the Durban cohort who reacted with the peptide had
this HLA type.

HXB2 Location p17 (77-85)
Author Location Gag (77-85)
Epitope SLYNTIATL
Epitope name SL9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Donor MHC A*0201, A*0301, B*3501, B*51, Cw*04,
Cw*06
Country United States.
Assay type CDS8 T-cell Elispot - IFNY, Intracellular cyto-
kine staining, Chromium-release assay
Keywords escape, acute/early infection, characterizing
CD8+ T cells
References [Bansal e al.[2005
* Patients with acute or early infection were shown to preferen-
tially target variable peptides with higher entropy while those
with chronic infection showed responses towards more con-
served peptides with lower entropy. In longitudinally followed
subjects, responses to variable proteins declined over time
while responses to conserved proteins increased. The decline
is suggested to be due to CTL escape.
The response to this peptide was not apparent until month 20,
by month 32 a T to V change was dominant, but the slyntiVl
mutant showed comparable avidity.

HXB2 Location p17 (77-85)
Author Location Gag (77-85)
Epitope SLYNTVATL

Epitope name SL9
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Immunogen HIV-1 infection, peptide-HLA interaction,
vaccine
Vector/Type: peptide Strain: multiple epi-
tope immunogen HIV component: mimo-
topes Adjuvant: Incomplete Freund’s Adju-
vant (IFA)
Species (MHC) human, transgenic mouse (A*0201)
Assay type CDS8 T-cell Elispot - IFNy, Chromium-release
assay, HLA binding
Keywords vaccine-specific epitope characteristics, im-
munodominance, escape, TCR usage, variant
cross-recognition or cross-neutralization, vac-
cine antigen design, mimics
References [Boggiano et al.[2005

* A combinatorial library was used to identify epitope mimics of
HLA-A2 restricted CTL epitope SLO9.

* 19 HIV+ HLA-A*0201 subjects were tested for their ability
to bind to peptide variants. 11/19 could bind to SLYNTVATL.
Nine epitope mimics were recognized by more than a third of
the subjects, and 1 subject recognized 17/20 variants tested.
Some SL9 mimics were up to an order of magnitude better at
stimulating CTL responses in PBMC than was SL9.

* Compared to the original SL9 sequence, some SL9 variants
recognized by HLA-A*0201 patients induced superior SL9
immune responses in HLA-A*0201 transgenic mice.

HXB2 Location pl7 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Assay type CDS8 T-cell Elispot - IFNy
Keywords assay standardization/improvement, TCR us-
age, characterizing CD8+ T cells
References [Killian ez al.[2005
¢ A novel technique for subtractive analysis of HIV-1 specific
CTLs was developed, including depletion of peptide-specific
CTLs by stimulating PBMCs with the specific peptide in the
presence of 5-FU, followed by TCR spectratyping for clonal
breadth analysis. In analysis of infected individuals using this
technique, it was found that HIV-1 specific responses range
from two to 10 different T-cell clones per epitope.
The SL9 responses in one individual were complex, with TCR
in multiple families, including: Vbetal2.2, Vbetal7, Vbeta23.3
and Vbeta22.
This paper provides further evidence for the polyclonal nature
of epitope-specific responses. Polyclonal responses may be
able to better inhibit escape and may play a beneficial role in
progression.

HXB2 Location p17 (77-85)
Author Location Gag
Epitope SLYNTVATL
Epitope name SOL
Immunogen vaccine
Vector/Type: measles virus (MV)  Strain:
multiple epitope immunogen HIV compo-
nent: gpl40, gp140AV3
Species (MHC) transgenic mouse (A*0201)
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Assay type Chromium-release assay, Flow cytometric T-
cell cytokine assay
Keywords memory cells, vaccine antigen design, anti-
body generation, characterizing CD8+ T cells
References |Lorin ef al.2005
* A recombinant measles MVSchw virus expressing an HIV-1-
derived polyepitope effectively primed HLA-A*0201-restricted
CTL responses against multiple conserved HIV-1 epitopes in
HLA-A*0201 transgenic mice. Also, a recombinant MV Schw
virus expressing gp140 with deleted V1, V2, and V3 loops
successfully induces neutralizing antibodies against HIV-1. A
live attenuated measles vaccine could provide a safe and effi-
cient pediatric vaccination vector for simultaneous vaccination
against HIV and measles.

HXB2 Location p17 (77-85)
Author Location (C consensus)
Epitope SLYNTVATL
Subtype C
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Country South Africa.
Assay type CDS8 T-cell Elispot - IFNy
Keywords rate of progression, optimal epitope
References [Kiepiela ez al.|2007
* A comprehensive analysis of 160 class I T cell responses in 578
individuals from KwaZulu-Natal, South Africa was performed.
Gag-specific responses were associated with lowering viremia,
while Env, accessory and regulatory protein-specific responses
were associated with higher viremia.
» SLYNTVATL is an optimal epitope.

HXB2 Location p17 (77-85)
Author Location pl17 (77-85)
Epitope SLYNTVATL
Immunogen
Species (MHC) human (A*0202)
Keywords optimal epitope
References [Frahm ez al.|2007
 C. Brander notes that this epitope can be presented by A*0201
and A*0202.

HXB2 Location pl7 (77-85)
Author Location pl17 (SF2)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A*0202)
Keywords subtype comparisons, immunodominance
References |Goulder et al.|2000a

» The CTL-dominant response was focused on this epitope in
11/25 HLA A2 (A*0201 or A*0202) HIV+ individuals from
Boston and in 1/8 HLA A2 HIV+ individuals from Durban.

* Three peptides GSEELRSLYNTVATL (p17 residues 71-85),
SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRL-
RPGGKKKYKLK (p17 16-30) contained the dominant Gag-
specific epitope in 31/44 B-clade infected individuals from
Boston who showed Gag-CTL responses.
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Five peptidles RLRPGGKKHYMIKHLVW (pl7 20-36),
ELRSLYNTVATLYCYV (p17Gag 74-88), SALSEGATPQDL-
NTMLNTVG (p24 41-60), FRDYVDRFFKTLRAEQA (p24
161-177), and SILDIKQGKEPFRDY (p24 149-164) contained
dominant Gag-specific epitopes in 32/37 C-clade infected sub-
jects from South Africa.

HXB2 Location p17 (77-85)
Author Location p17 (77-85 LAI)
Epitope SLYNTVATL
Subtype B
Immunogen
Species (MHC) human (A*0205)
Keywords optimal epitope
References [Frahm et al.[2007
* C. Brander notes that this epitope can be presented by A*0201
and A*0202.

HXB2 Location p17 (77-85)
Author Location pl7 (subtype A)
Epitope SLYNTVATL
Subtype A
Immunogen HIV-1 exposed seronegative
Species (MHC) human (A*0214, A*0201)
References |[Kaul ez al.[2000

* 11/16 heavily HIV exposed but persistently seronegative sex-
workers in Nairobi had HIV-specific CD8 gamma-IFN re-
sponses in the cervix — systemic CD8+ T cell responses tended
to be to the same epitopes but at generally lower levels than
cervical CD8+ T cell responses.

» Low risk individuals did not have such CD8+ cells.

* CD8+ T cell epitopes: DTVLEDINL (3 individuals), SLYNT-
VATL (4 individuals), LSPRTLNAW (3 individuals) and YPLT-
FGWCEF (4 individuals) were most commonly recognized by
the HIV-resistant women.

* The epitope variants SLYNTVATL and SLFNTVATL were
both recognized.

HXB2 Location p17 (77-85)
Author Location Gag (77-85)
Epitope SLYNTVATL
Immunogen vaccine
Vector/Type: vaccinia
Species (MHC) human (A2)
References |Woodberry et al.|1999

* A polyepitope vaccine was generated in a vaccinia construct
that contiguously encoded seven epitopes, all presented by
HLA A-2.

* HHD mice have a transgene of HLA A2 linked to the trans-
membrane and cytotoxic domains of H-2D9 — this transgene is
the only MHC molecule expressed in the mice.

¢ CTL responses to Gag (77-85) SLYNTVATL, Pol (476-484)
ILKEPVHGY, gp120 (120-128) KLTPLCVTL, and Nef (190-
198) AFHHVAREL were observed in HIV polytope HHD-
vaccinated mice, and these responses were enhanced with vac-
cinia boost.

¢ No CTL immune responses were generated against HLA A2-
restricted HIV epitopes Nef 157-166 (PLTFGWCYKL), Pol
346-354 (VIYQYMDDL), and Nef 180-189 (VLEWRFD-
SRL).
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* Sixteen HLA A2+ patients were tested for their ability to make
CTL responses by peptide restimulation in culture with the
epitopes selected for inclusion in the polytope — one individual
recognized all seven of these epitopes; 7 patients had CTL
cultures able to recognize at least one of the epitopes, and 6 of
those 7 recognized more than one epitope, but they were not
able to test all peptides for all patients; many patients only had
three peptides tested.

* SLYNTVATL was recognized by 5/16 HLA-A2 patients.

HXB2 Location p17 (77-85)
Author Location pl17 (77-85)
Epitope SLYNTVATL
Immunogen vaccine
Vector/Type: canarypox Strain: B clade
LAI, B clade MN HIV component: Gag,
gp120, gp41, Protease
Species (MHC) human (A2)
Keywords immunodominance
References |Carruth et al.ll1999
* The vaccine used was a live recombinant canarypox (CP) virus
vaccine containing multiple HIV-1 genes (HIV-1 MN gp120,
HIV-1 LAI gp41, HIV-1 LAI Gag, HIV-1 LAI protease).
CD4+ and CD8+ Gag and Env specific CTL responses were
detected in only 1/5 vaccinated volunteers, and were not detect-
able 1 year after vaccination.
CTL responses to epitopes SLYNTVATL and TVYYGVPVWK
from HIV+ control patients were used as positive controls.
The study explored why vaccinees were non-responsive — non-
response was not due to inherent defects or differences in the
ability of these individuals to process and present antigen.
Lack of response to SLYNTVATL led the authors to speculate
that the immunodominance of this epitope in natural infections
may not be recapitulated by vaccine antigen.

HXB2 Location p17 (77-85)
Author Location pl17 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A2)
References [Birk et alll1998b
* A study of p17 variation considering known p17 epitopes and
individuals with known HLA types revealed that p17 evolution
is influenced by immune pressure from CTLs.

HXB2 Location p17 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A2)
References |Callan ez al.l|1998
* Included as a negative control in a tetramer study of A2-EBV
CTL response.

HXB2 Location pl7 (77-85)
Author Location p17
Epitope SLYNTVATL
Epitope name SL9
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Immunogen HIV-1 infection
Species (MHC) human (A2)
References [Wagner ef al.|1998a

* CTL specific for HIV epitopes were used to show that the
mediators of both the cytolytic (granzyme A was used as the
marker) and non-cytolytic (HIV-1 inhibitory chemokines MIP-
1 oo and RANTES were used as markers) anti-viral responses
are localized within the CTL’s cytotoxic granules.

HXB2 Location p17 (77-85)
Author Location pl7 (77-85 HXB2)
Epitope SLYNTVATL
Epitope name SL9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A2)
References |Collins ef al.l|[1998
* Two CTL clones recognize this epitope, but not the NL4-3
form of the epitope SLYNTIAVL.
¢ Nef down-regulates MHC class I molecules, which inhibits
CTL killing, and this down-regulation can be partially compen-
sated for by adding excess soluble peptide.

HXB2 Location p17 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A2)
Keywords subtype comparisons
References |Durali et al.|1998
* Cross-clade CTL response was studied by determining the CTL
activity in seven patients from Bangui, (6 A subtype, and 1 AG
recombinant infections) and one A subtype infection from
a person living in France originally from Togo, to different
antigens expressed in vaccinia.
Pol reactivity: 8/8 had CTL to A subtype, and 7/8 to B subtype,
and HIV-2 Pol was not tested.
Gag reactivity: 7/8 reacted with A or B subtype gag, 3/8 with
HIV-2 Gag.
Nef reactivity: 7/8 reacted with A subtype, and 5/8 with B
subtype, none with HIV-2 Nef.
Env reactivity: 3/8 reacted with A subtype, 1/8 with B subtype,
none with HIV-2 Env.
Patient B18 had the greatest breadth and diversity of response,
and recognized Gag SLYNTVATL and Nef PLTFGWCFKL.

HXB2 Location p17 (77-85)
Author Location p17 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection

Species (MHC) human (A2)

Keywords dendritic cells

References [Kundu ez al.ll1998b
Allogeneic dendritic cells (DCs) were obtained from HLA-
identical siblings, pulsed with rgp160 MN or A2-restricted
HIV-1 epitope peptides, and infused monthly into six HIV-
infected patients.
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* 1/6 showed increased env-specific CTL and increased lympho-
proliferative responses, 2/6 showed increase only in prolifera-
tive responses, and 3/6 showed no change — pulsed DCs were
well tolerated.

SLYNTVATL is a conserved HLA-A2 epitope included in this
study — 3/6 patients had this sequence as their HIV direct
sequence, one had the form SLYNTVAVL and all four of these
had a detectable CTL response — the other two had either the
sequence SLFSAVAVL or SLFSAVAAL and no detectable CTL
response.

HXB2 Location p17 (77-85)
Author Location pl17 (77-85 I1IB)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A2)
References |Sipsas et al.[1997
» HIV IIIB proteins were used to define the range of CTL epi-
topes recognized by 3 lab workers accidentally infected with
HIV-1 IIB.
e SLYNTVAVL, a variant found in HIV-1 MANC, was also rec-
ognized.
* SLENTVAVL, a variant found in HIV-1 NY5CG, was also
recognized.

HXB2 Location p17 (77-85)
Author Location pl17
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A2)
Keywords subtype comparisons, HIV exposed persis-
tently seronegative (HEPS)
References [Rowland-Jones et al.l|[1998a
* A CTL response was found in exposed but uninfected prosti-
tutes from Nairobi using previously-defined B clade epitopes
that tended to be conserved in A and D clades — such cross-
reactivity could protect against both A and D and confer pro-
tection in Nairobi where both subtypes are circulating.
* The A subtype consensus is SLfNtvatL.
* The D subtype consensus is SLyNTvATL.

HXB2 Location p17 (77-85)

Author Location pl17

Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A2)
Keywords binding affinity
References [Sewell et al.l|1997

* Naturally occurring variants of this epitope escaped killing and
acted as antagonists.

* The following variants were found in HIV-1 infected patients
who mounted a strong response against this epitope: -F——,
-—v-, - &~ — -Sf— - L— —I—, —I-V-, -F-I—,
—F-I-V-, -F-A—-

* All variants bound to A2 with at least half the affinity of
SLYNTVATL except the triple mutant: —-F-I-V-
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* Antagonism could be observed at low concentrations, abrogat-
ing lysis at an antagonist:agonist ratio of 1:10 — the antagonism
was observed in one SLYNTVATL-specific CTL line but not
another.

HXB2 Location p17 (77-85)

Author Location pl7 (77-85 HXB2)

Epitope SLYNTVATL
Epitope name SL9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A2)
Keywords kinetics
References |Yang et al.[1997b

¢ A chimeric universal T cell receptor was created by linking
CD4 or an HIV-specific anti-gp41 Ig sequence to the signaling
domain of the T cell receptor chain {, and transduced into
CD8+ cells.

» The response using universal-receptor-bearing CD8+ cells to
lyse infected cells in vitro was comparable to the natural occur-
ring responses of CTL-clones from HIV+ individuals in terms
of kinetics and efficiency.

* A CTL clone specific for this epitope was used for the compar-
ison.

HXB2 Location pl17 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen in vitro stimulation or selection
Species (MHC) human (A2)
References |Stuhler & Schlossman|1997
* Keyhole limpit hemocyanin or tetanus toxoid Th epitope co-
expression with peptide CTL epitopes on the same APC was
required for induction of peptide-specific CTL.

HXB2 Location p17 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A2)
References Yang et al.[1996
e CD4+ cell lines acutely infected with HIV were studied to
determine their susceptibility to lysis by CTL.
¢ Clones specific for RT lysed HIV-1 infected cells at lower levels
than Env or Gag specific clones.
» The distinction was thought to be due to lower expression of
RT relative to Env and Gag.
e CTL can lyse infected cells early after infection, possibly prior
to viral production.

HXB2 Location p17 (77-85)

Author Location p17 (77-85)

Epitope SLYNTVATL

Epitope name SL9
Immunogen HIV-1 infection

Species (MHC) human (A2)

Assay type CTL suppression of replication
References Yang et al.[1997a
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* CTL inhibit HIV-1 replication at effector cell concentrations
comparable to those found in vivo.

* CTL produced HIV-1-suppressive soluble factors — MIP-1¢,
MIP-1f, RANTES, after antigen-specific activation.

* CTL suppress HIV replication more efficiently in HLA-
matched cells.

HXB2 Location p17 (77-85)
Author Location pl7 (77-85 LAI)
Epitope SLYNTVATL
Epitope name SL9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A2)
References |Parker et al.|1992; Parker et al.|1994
* Examined in the context of motifs important for HLA-A2 bind-
ing.

HXB2 Location p17 (77-85)
Author Location pl7 (77-85 LAI)
Epitope SLYNTVATL
Epitope name SL9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A2)
Keywords review
References McMichael & Walker|1994
* Review of HIV CTL epitopes.

HXB2 Location p17 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A2)
References [Tsomides et al.|[1994
* CTL clones recognize naturally processed peptide.

HXB2 Location pl17 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen in vitro stimulation or selection
Species (MHC) human (A2)
References |Stuhler & Schlossman| 1997
* A three cell-type cluster consisting of APCs, Th, and CTLs
is the minimal regulatory unit required for Th cell-dependent
induction of CTLs.

HXB2 Location pl7 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A2)
Keywords subtype comparisons
References |Cao et al.|19974a
* The consensus peptides of B and D clade viruses and some Cs
have the sequence SLYNTVATL.
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* The consensus peptide of A, and some C strains have SLFNT-
VATL, a form that is cross-reactive.

HXB2 Location pl17 (77-85)
Author Location Gag (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A2)
References Dyer et al.|[1999
* CTL specific responses were measured over a 1.3 to 1.5 year
period in members of the Sydney Blood Bank Cohort (SBBC)
who had been infected with a natural attenuated strain of HIV-1
which was Nef-defective.
* Some of these patients had prolonged high levels of CTL effec-
tor and memory cells despite low viral load.

HXB2 Location p17 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A2)
Keywords escape
References |Harrer et al.[1998

* Two overlapping epitopes were recognized in a long-term
survivor, restricted by two different HLA molecules, HLA-
A11(TLYCVHQR) and -A2 (SLYNTVATL)

* Viral sequence substitutions were present in this individual
which did not affect viral replication and did not alter CTL-
recognition of the A2 epitope, but reduced recognition of the
A11 epitope, indicative of immune escape.

HXB2 Location p17 (77-85)
Author Location pl7 (77-85 SF2)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A2)
Keywords acute/early infection
References |Altfeld et al.j2001a

The relative contribution of CTL responses against HIV-1 Vpr,
Vpu, and Vit were analyzed in multiple HI'V-1-infected indi-
viduals.

Individuals with long-term nonprogressive and treated chronic
HIV-1 infection targeted Vpr more frequently than individuals
with treated acute infection.

Vpr is a frequent target of HIV-1 specific CD8+ T-cells — a
response was detected in 45% of individuals tested and Vpr
and p17 were the most preferentially targeted proteins per unit
length by CD8+ T-cells.

The A2 epitopes Vpr AIIRLLQQL and p17 SLYNTVATL do
not account for the dominance of Vpr and p17, the result holds
even when HLA-A2+ individuals are excluded.

HXB2 Location pl7 (77-85)
Author Location pl17 (BRU)
Epitope SLYNTVATL
Epitope name SL9
Immunogen in vitro stimulation or selection
Species (MHC) human (A2)
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Keywords epitope processing, dendritic cells

References Buseyne ef al.[2001
» Exogenous presentation or cross-presentation of epitopes by
antigen presenting cells (APC) without protein synthesis is an
alternative pathway for CTL epitope processing that may be
important in the initial generation of viral specific CTL.
Dendritic cells treated with AZT to inhibit protein synthesis
were able to elicit a strong specific CTL response in SLYNT-
VATL specific CTL line EM71-1 without protein synthesis,
while macrophages demonstrated a decreased presentation effi-
ciency.
Exogenous Gag epitope presentation was Env-dependent and
required receptor-dependent fusion.

HXB2 Location p17 (77-85)
Author Location pl7
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A2)
References [Kostense et al.[2001

HLA tetramers to six epitopes were used to study HLA-A2, B8
and B57 CTL in 54 patients — HIV-specific tetramer positive
cells were inversely correlated with viral load in patients with
high CD4, but in patients with CD4 T-cells below 400 high
tetramer frequencies were found despite high viral load.

Most patients have high levels of HIV-specific T-cell expan-
sions, but many of these cells aren’t functional.

In 15 of the patients, the proportion of IFN gamma producing
tetramer cells correlated with AIDS-free survival.

In one patient with a SLYNTVATL response, no SLYNTVATL
mutations were found among 21 clones despite high viral load
(260,000 RNA copies/ml serum), suggesting low in vivo effi-
cacy of the SLYNTVATL response.

HXB2 Location pl7 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A2)
References |Ferrari et al.|2000:
* One of the 51 HIV-1 epitopes selected by Ferrari et al. as
good candidate CTL epitopes for vaccines by virtue of being
conserved and presented by common HLA alleles.

HXB2 Location p17 (77-85)
Author Location pl7
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A2)
Keywords HAART, ART, immunodominance
References [Seth et al.|2001
* CTL responses were studied by tetramer staining in 41 patients
with combination therapy — activated CD8+ T-cells decline as
the viral load drops in response to therapy, but the overall level
of antigen-specific cells capable of differentiating into effectors
stays constant and new epitopes may be recognized.
6/10 A*0201+ individuals had HIV-specific tetramer staining
cells, and 5 of these declined upon successful therapy.
4/10 A*0201+ individuals with chronic HIV-1 infection recog-
nized this epitope.
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Prior to therapy, the mean percentage of CD8+ cells that
recognized the immunodominant epitope SLYNTVATL was
six-fold greater than the percentage recognizing the epitope
ILKEPVHGV.

HXB2 Location p17 (77-85)

Author Location pl7 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A2)
Keywords HAART, ART, TCR usage
References [Islam ez al.|2001

¢ Transcript frequencies were followed for four CTL clones from
patient 115, with a chronic and stable HIV-1 infection, and
tracked in a longitudinal study of samples collected 6-11 years
post infection: clone M21 and E15 recognize ERYLKDQQL,
and clone D87 recognizes variant ERYLQDQQL, and clone
p175b recognizes the A2 epitope SLYNTVATL.
This epitope sequence from clone p175b uses the V35, CDR3
(FDS), J32.7 TCR beta gene.
Responses were stable even through HAART with undetectable
viral loads, but frequencies varied over time by 100-fold, rang-
ing from 0.012% of the total population for SLYNTVATL at its
lowest point to 3.78% for M21, with the relative frequencies of
clones shifting over time.

HXB2 Location p17 (77-85)

Author Location p17 (77-85 SF2)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A2)
Keywords HAART, ART, acute/early infection
References |Altfeld et al.[2001b

e Therapy provided during acute infection resulted in a narrower
CTL response, stronger T help response, and a less diverse
viral population than was seen in individuals treated during
chronic infection.
The breadth and specificity of the response was deter-
mined using ELISPOT by studying 19 individuals with pre-
seroconversion therapy (Group 1), 11 individuals with primary
infection but post-seroconversion therapy (Group 2), and 10
individuals who responded to HAART given during chronic
infection (Group 3), using 259 overlapping peptides spanning
pl7, p24, RT, gp41, gp120 and Nef.
Previously described and newly defined optimal epitopes were
tested for CTL response.
Number of HLA-A2+ individuals that had a CTL response to
this epitope broken down by group: 1/10 group 1, 2/6 group 2,
and 2/4 group 3.

HXB2 Location pl7 (77-85)
Author Location pl7 (77-85)
Epitope SLFNTVATL
Immunogen HIV-1 infection, HIV-1 exposed seronegative
Species (MHC) human (A2)

Keywords subtype comparisons, HIV exposed persis-
tently seronegative (HEPS), immunodomi-
nance

References [Kaul ez a/J2001a’

106

Gag p17 CTL/CD8+ epitopes

* Variants SL(F/Y)NTVATL are A/B clade specific.

* ELISPOT was used to study CTL responses to a panel of 54
predefined HIV-1 epitopes in 91 HIV-1-exposed, persistently
seronegative (HEPS) and 87 HIV-1-infected female Nairobi
sex workers.

Responses in HEPS women tended to be lower, and focused
on different epitopes with HLA presenting molecules that have
previously been associated with reduced risk of infection, and
there was a shift in the response in the HEPS women upon late
seroconversion to epitopes recognized by the HIV-1 infected
women.

43/91 HEPS women had CD8+ responses and detection of
HIV-1-specific CTL in HEPS women increased with the dura-
tion of viral exposure.

Among HLA-A2 women, 1/10 HEPS and 22/26 HIV-1 infected
women recognized this epitope, likelihood ratio 18.3, p value
< 0.003, and ILK(D/E)PVHGYV tended to be more reactive in
HEPS women, SL(F/Y)NTVATL in infected women.

The dominant response to this HLA allele was to this epitope
in the 1/10 HEPS case and in 18 of the 22/26 HIV-1 infected
women that responded.

Differences in epitope specificity were only seen for responses
restricted by class I HLA alleles A2, A24, A*6802, B14, and
B18, previously shown to be associated with resistance to
HIV-1 in this cohort.

Subject ML 1250 had an A2 response to ILK(D/E)PVHGV
prior to seroconversion, which switched to SL(F/Y)NTVATL
post-seroconversion.

Subjects ML 1575 and ML 1592 had no response to
SL(F/Y)NTVATL prior to seroconversion, but made responses
post-seroconversion.

Subject ML 1760 had an A2 response to ILK(D/E)PVHGV
prior to seroconversion, and gained responses to epitopes
A2 SL(F/Y)NTVATL and B27 KRWII(L/M)GLNK post-
seroconversion.

HXB2 Location p17 (77-85)
Author Location p17 (77-85 93TH253 subtype CRF01)
Epitope SLYNTIATL
Epitope name G77-85
Subtype CRFO1_AE
Immunogen HIV-1 infection
Species (MHC) human (A2)
Keywords HIV exposed persistently seronegative
(HEPS)
References |Sriwanthana ez al.|2001
* This was a study of HIV-1 exposed persistently seronegative
(HEPS) female sex workers in Chiang Mai, northern Thailand.
* HLA-A11 is very common in this population, and was enriched
among the HEPS sexworkers — weak CTL responses were
detected in 4/7 HEPS women, and CTL responses were found
in 8/8 HIV positive controls, and 0/9 HIV negative women that
were not exposed.
* This epitope was reactive in HIV+ control study subjects 125
and 144 who carried HLA-A2.

HXB2 Location p17 (77-85)
Author Location p17 (77-85 93TH253 subtype CRF01)

Epitope SLYNTIATL

Subtype CRFO1_AE
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Immunogen HIV-1 infection
Species (MHC) human (A2)
Keywords subtype comparisons
References Bond et al.[2001
* More than half of a cohort of HIV+ female sex workers (FSW)
from Northern Thailand were HLA-A11 positive, and this study
concentrated on A1l epitopes in this group, although E clade
versions of previously defined B-clade A2 and A24 epitopes
were also tested.
* 2/4 tested FSWs recognized the E clade version of this epitope,
SLYNTIATL, the B clade version is SLYNTVATL.
* This epitope was only conserved in CRF01 and subtypes B and
D, and exact matches were uncommon.

HXB2 Location p17 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A2)
Keywords rate of progression, acute/early infection
References Day et al.|2001

The CTL response to optimally defined CTL epitopes restricted
by HLA class I A and B alleles in individuals who coexpressed
HLA A2, A3, and B7 was studied in eight HIV-1-infected
subjects, two with acute infection, five with chronic, and one
long-term non-progressor (LTNP)

2 to 17 epitopes were recognized in a given individual, A2-
restricted CTL response tended to be narrow and never domi-
nated the response, and 25/27 epitopes were targeted by at least
one person.

SLYNTVATL was the dominant A2 epitope recognized in pa-
tients with chronic infection, except for Subject 11841 who
recognized 5/8 epitopes.

Three subjects had an A2 response only to SLYNTVATL.

The two subjects with acute infection did not respond to
SLYNTVATL.

HXB2 Location pl7 (77-85)

Author Location pl7 (77-85)

Epitope SLYNTVATL

Epitope name SL9
Immunogen HIV-1 infection

Species (MHC) human (A2)

Keywords mother-to-infant transmission, escape
References |Goulder ez al.|2001c

* Immune escape variants in this epitope where transmitted both
horizontally and vertically in two families.

» Eight transmitting mothers and 14 non-transmitting mothers
were studied and variation within the SL9 epitope was associ-
ated carrying HLA-A2 (P=0.04), but no link between variation
from the SL9 consensus and vertical transmission was estab-
lished.

HXB2 Location p17 (77-85)
Author Location pl7 (SF2)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A2)
References |Altfeld er al.2000
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* This epitope was mapped by ELISPOT in a study identifying
new HLA-B60 epitopes, and was one of the epitopes presented
by another HLA molecule in an HLA-B60 individual.

* The response to the peptide was CD8 dependent, but the HLA
presenting molecule and optimal epitope were not determined.

HXB2 Location p17 (77-85)
Author Location
Epitope SLYNTVATL
Epitope name Gag-SL9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A2)
References [Sabbaj et al.|2003
* Among HIV+ individuals who carried HLA A02, 17/30 (57%)
recognized this epitope.

HXB2 Location p17 (77-85)
Author Location pl17 (77-85 LAI)
Epitope SLYNTVATL
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A2)
Keywords HAART, ART, epitope processing, immun-
odominance
References |Kelleher et al.|2001a

* Ritonavir (RTV) inhibits chymotryptic activity in the 20S pro-
teasome in vitro, as does Saquinavir (SQV) to a lesser extent;
Indinavir (IDV) does not. Thus there is concern protease in-
hibitors may adversely effect CTL epitope processing, but this
paper indicates that processing is not inhibited at therapeuti-
cally relevant concentrations of RTV when the proteasome is
functioning in an intracellular context.

* RTV did not reduce antigen presentation and concentration of
the two immunodominant Gag CTL epitopes (KRWIIMGLNK
(B27) and SLYNTVATL (A2)).

* RTV did not inhibit the processing and assembly of HLA-B35
or -A2, which are assembled with a rapid and moderate time
course, respectively, or of HLA-A3, -B27 and -B39.

HXB2 Location p17 (77-85)
Author Location pl17
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A2)
Keywords HIV exposed persistently seronegative
(HEPS)
References |Kaul er al.[2002
* Neisseria gonorrhea cervititis in 9 HIV+ Kenyan sex workers
caused a functional deficiency in IFN-gamma production in
HIV-1 epitope-specific CD8+ T-cells, detected by intracellular
cytokine production and tetramer assays, while not affecting
the total number of epitope-specific CTLs.
Ghonorrhea caused the weaker HIV-1 specific CTL responses
in 4 HIV-1 exposed persistently seronegative (HEPS) women
to become undetectable by Elispot and tetramer assays, and
CMV-specific CTL in 2 HEPS subjects were shown to have
impaired function with regard to IFN-gamma production.

HXB2 Location pl7 (77-85)
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Author Location p17 (77-85 NL43)
Epitope SLYNTVATL
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A2)
Keywords class I down-regulation by Nef
References |Yang et al.|2002
* Nef down-modulates class I protein expression, and this study
demonstrates directly that Nef-deleted HIV-1 NL-43 can be
more effectively killed in vitro than NL-43 with an intact Nef.
The effect was shown to be specific for class I presentation
of epitopes, and unlike Nef, deleting Vpr did not alter CTL
susceptibility of NL-43. The CTL clone 18030D23, specific
for the class I A2 presented SLYNTVATL epitope, was one of
four used in this study.

HXB2 Location p17 (77-85)
Author Location p17 (77-85 BRU)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A2)
Keywords epitope processing
References |Cohen et al.[2002

The antigen presentation of two A2-restricted epitopes was
compared, SLYNTVATL (p17) and ILKEPVHGV (RT). HIV-1
infected cells were more sensitive to lysis by SLYNTVATL-
specific CTL than by ILKEPVHGV-specific CTL, because of a
higher density of SLYNTVATL-A2 resulting from differences
in processing.

Incubation with a T1-cell proteolytic extract showed that by
four hours, 25% of a p17 peptide had a C-term Leu-85 and were
SLYNTVATL-precursors, while ILKEPVHGV-precursors were
far less frequent (6.8%) even with four times more proteolytic
extract after 30 hours.

p17 was preferentially cleaved between Leu85 and Tyr86, while
appropriate Val484 and Tyr485 cleavage was minor for RT.
In a competition experiment, RSLYNTVATL bound TAP 3.7-
fold more efficiently than RT peptides.

No difference in CTL avidity was detected in six patients with
HLA-A2-restricted responses to these epitopes.

No significant difference in HLA-A2 binding to p17 or RT
epitopes was observed.

HXB2 Location pl7 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Immunogen vaccine
Strain: B clade IIIB  HIV component: Gag,
Pol Adjuvant: 1L-12
Species (MHC) mouse (A2)
References [Kmieciak ef al.[2001
» Transgenic mice expressing a HLA-A2/Kb chimeric protein
were vaccinated with either a pl17-p24-p51 fusion protein
(vG/P-92) or the Gag-Pol precursor protein (vVK1).
¢ Compared to vVK1, vG/P-92 induced a significant increase
in Gag and Pol induced IFNgamma production and CTL re-
sponses, and to the epitopes SLYNTVATL and ILKEPVHGY,
as determined by Elispot and 51Cr-release assays.

HXB2 Location p17 (77-85)
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Author Location Gag (77-85)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A2)
Donor MHC A2, A3, B7, Bw6
Keywords HAART, ART
References |Appay et al.|2002
* Four HIV patients with prolonged clinically successful anti-
viral therapy but with ongoing evidence of replication and
Nef mRNA transcription, showed specific T-cell responses by
Elispot and Tetramer staining, maintained for 2-4 years after
initiation of HAART.
* Nef epitope recognition was detected in all 4 subjects, gp120,
Pol and Gag-specific in 1 or 2 subjects.
* The HIV-specific CD8+ T-cells had an intermediate maturation
phenotype characterized by low levels of perforin and high
levels of CD27 expression.

HXB2 Location p17 (77-85)

Author Location p17 (77-85 NL-43)
Epitope SLYNTVATL
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A2)
Keywords class I down-regulation by Nef, escape
References |Ali et al.[2003

* NL43 was passaged in the presence of Nef KEKGGLEGL-
specific CTL clones STD11 and KM3, giving rise to rapid selec-
tion of escape mutations, including E93G, E93K, K94N+G99R,
GI95R+G99R, E98K, E98D, G99R, G99E, L100P, and L100I;
insertions, deletions, frameshifts and an early stop codon. 34/36
(94%) of sequences carried mutations in the epitope by seven
days, 36/36 (100%) by 14 days.
Several mutations selected by KEKGGLEGL-specific CTL
were shown to impair the down regulation of class | MHC by
Nef, in particular E93G, E93K, and a truncation mutation at
position 51.
Nef deletion mutants increased 100-fold NL-43 susceptibility
to inhibition by CTL specific for epitopes in other proteins,
the A2 epitopes ILKEPVHGYV in RT and SLYNTVATL in p17
Gag.

HXB2 Location p17 (77-85)
Author Location Gag
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A2)
Assay type Chromium-release assay, Flow cytometric T-
cell cytokine assay
Keywords class I down-regulation by Nef
References |Bobbitt e al.|2003
* Nef, through Nef-mediated MHC-1 down-regulation, is not
the only viral protein to influence levels of HIV-specific CTL
recognition. The Rev L60F mutation, a common natural variant,
can decrease CTL recognition of late gene products. The Rev
mutation impacts the early to late gene switch, reducing late
gene product production (Gag, Pol, Env, Vpu, Vpr and Vif),
while increasing Nef production, both of which reduce the
impact CTL recognition of late gene products. As expected,
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Rev L60F rendered HIV infected cells more resistant to CTL
that recognized epitopes from the late proteins Env and Gag.
Gag expression is reduced more than Env, and Gag-specific
CTL were more profoundly affected. Conversely CTL against
an epitope in an early gene product, Tat, were more effeciently
recognized when infected with viruses carrying the Rev L60F
mutation.

Patients in the asymptomic phase with active immune responses
had more CTL resistant viruses, with lower Rev activity, lower
Gag expression and greater resistance to Gag-specific CTL
killing, while viruses isolated from people with AIDS were
more sensitive to CTL killing.

HXB2 Location p17 (77-85)
Author Location Gag (77-)
Epitope SLYNTVATL
Epitope name Gag77
Immunogen HIV-1 infection, vaccine
Vector/Type: peptide HIV component: Gag
Adjuvant: Incomplete Freund’s Adjuvant
(IFA)
Species (MHC) human, transgenic mouse (A2)
Assay type CD8 T-cell Elispot - IFNy, Chromium-release
assay, Flow cytometric T-cell cytokine assay
Keywords binding affinity, subtype comparisons, com-
putational epitope prediction
References |Corbet ez al.|2003
e HLA-A2-restricted HIV-1 CTL epitopes were computationally
predicted. Binding affinities for HLA-A*0204, immunogenic-
ity in HLA-A*0201 transgenic mice, and responses to the
peptides in 17 HIV-1 infected patients were tested. 31 novel
conserved A2 epitopes were detected. An average of 4 epitopes
were recognized per patient.
» This epitope was one of the previously identified HLA-A2
epitopes studied.
* 10/17 HIV-infected HLA-A2+ people in this study recognized
this epitope, and CTL and CD8+ T cells responses were elicted
by immunization of transgenic mice with this peptide.

HXB2 Location p17 (77-85)
Author Location pl7
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A2)
Assay type Intracellular cytokine staining
Keywords immunodominance, genital and mucosal im-
munity
References [Kaul e al.|2003
Predefined immunodominant peptide responses were used to
compare CD8+ T-cell responses in the blood and cervix of 16
HIV+ Kenyan sex workers. Cervical responses were detected
in 8/10 women from whom adequate samples could be obtained.
The frequency of the CD8+ T-cell response in the genital tract
was comparable to the blood, with a trend toward being slightly
higher.
The immunodominant response was to this epitope in the
PBMC of 1/16 patients (Kaul et al. 2001, AIDS, 107:1303).

HXB2 Location pl17 (77-85)
Author Location p17

HIV Molecular Immunology 2006/2007

HIV CTL/CD8+ Epitope Tables

Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A2)
Donor MHC A2, A24, B38, B60, Cw2, Cw12
Assay type CDS8 T-cell Elispot - IFNy
Keywords supervised treatment interruptions (STI), early
treatment
References |Montefiori ez al.[2003
e HIV-1 + patient AC10 underwent early HAART treatment,
which was discontinued 1.5 years later. At this timepoint po-
tent NAD responses against autologous virus were detected.
Treatment interruption initially induced weak CD8+ responses
directed against 5 epitopes. By days 873d and 923d the CTL
response had broadened to target 22 epitopes; of these six were
fully characterized. Eventually the virus escaped the NADb re-
sponse, but escape was not accompanied by a rise in viral load,
and the authors suggest the virus was contained by the CTL
response.

HXB2 Location pl7 (77-85)
Author Location Gag (77-85)
Epitope SLYNTAVTL
Immunogen HIV-1 infection
Species (MHC) human (A2)
Assay type CDS8 T-cell Elispot - [FNY, Tetramer binding,
Flow cytometric T-cell cytokine assay
Keywords responses in children
References [Sandberg e? al.|2003
* 65 vertically HIV-1 infected children, ages 1-16, the major-
ity undergoing ART, were analyzed in regard to their plasma
viremia and CD4+ and CD8+ T-cell counts, and CD8+ T-cell
responses.
Using vaccina expressed Gag, Pol, Env, Rev, Nef in target cells
in an Elispot assay, 85% of the children recognized at least
one HIV antigen. Strong CD8+ T-cell responses were directed
against Pol, followed by Gag and Nef. Children younger than 4
had significantly weaker responses (7/14 had no reponse) than
older children (only 1/32 had no response, and responses were
greater in magnitude).
SLYNTVATL and ILKEPVHGYV tetramers were used to quan-
titate specific responses. 49 chlidren in an expanded cohort car-
ried HLA-A2. 1/11 children under 3 years of age had detectable
CD8+ T-cell responses to SLYNTVATL, 2/11 to ILKEPVHGV.
Among children over 3, 11/38 recognized SLYNTVATL and
9/38 recognized ILKEPVHGV.
Older children that maintained a CD4 count greater than 400
cells/ul tended to have stronger CTL reponses.

HXB2 Location pl7 (77-85)
Author Location Gag (77-85)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) (A2)
Donor MHC A2, A3, B27, B51; A2, A3, B27, B57; A2,
A23, B57
Assay type Cytokine production, CD8 T-cell Elispot -
IFNY, Tetramer binding, Intracellular cyto-
kine staining

109

+
o«
@)
O
-
-
O




0
—
-
(@)
O
==]
+

HIV CTL/CD8+ Epitope Tables

Keywords assay standardization/improvement, memory
cells

References [Sun ef al.2003
* This study compares assay methods for testing CTL responses
using samples from 20 HIV+ patients. The study compares
ELISpot, tetramer-binding, and intracellular IFNy. Tetramer-
bidning analysis was performed with Gag (SLYNTVATL) or
Pol (ILKEPVHGV) tetramers. Antigen presentation using re-
combinant vaccinia viruses (rVVs) encoding HIV-LAI Gag,
Pol, Env, Nef, Tat and Vif proteins was compared to pep-
tide panels. HIV antigen recognition in memory CTLs was
measured by chromium release assay and compared to effec-
tor/memory CD8+ T-cells in an IFN-y ELISpot assay.
Results: IFNy Elispot and flow cytometry gave similar frequen-
cies of HIV specific CD8+ T-cells. Tetramer-binding analysis
was most sensitive. Pools of peptides and the sum of frequen-
cies of individual peptides were comparable. Elispot assays
using peptides were more sensitive than assays using vaccinia
expressed proteins. Cr release and Elispot against rVVs gave
comparable memory cell responses 2/3s of the time.
* 3/7 HLA-A2+ patients recognized this epitope.

HXB2 Location p17 (77-85)

Author Location p17 (77-85 NL43)

Epitope SLYNTVATL
Epitope name SL9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A2)
Assay type Chromium-release assay, CTL suppression of
replication

Keywords escape, TCR usage

References Yang et al.[2003a

e Virus was cultured in the presence of CTL lines spe-
cific for 5 different epitopes (SLYNTVATL, ILKEPVHGY,
IEIKDTKEAL, SEGATPQDL, and KEKGGLEGL) to study
the emergence of escape mutations. Escape varied between
clones for the same epitope, and between different epitopes.
Gag and RT epitope escape, if it occurred at all, tended to be
monoclonal and within the epitope, indicating strong fitness
constraints, while the Nef epitope escape was rapid, polyconal,
and sometimes the result of upstream frameshifts.

e Three CTL clones were studied that recognized SLYNTVATL,
161JxA14, 18030D23, and 115DEC4. The different TCR us-
age on the CTL clones resulted in different patterns of recog-
nition and escape. 161JxA14 suppressed the variant slFntvatl,
18030D23 did not; conversely the variants slfntlaV1 and slFntl-
atl were suppressed by 18030D23, but not 161JxA14.

» After two weeks of passage the predominant escape mutant
from 161JxA14 was slyntlatl. Amino acid residues flanking
SL9 were unchanged. Escape mutations did not occur within
two weeks for the two additional SL9-specific CTL clones
18030D23 and 115DECA4.

HXB2 Location p17 (77-85)
Author Location pl7 (43)
Epitope SLYNTVATL
Epitope name SL9
Subtype B
Immunogen in vitro stimulation or selection
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Species (MHC) human (A2)
Assay type CTL suppression of replication
Keywords class I down-regulation by Nef, early-
expressed proteins, kinetics
References |Ali et al.[2004
* Translocation of the gag SLYNTVATL epitope into the early
expressed Nef protein resulted in increased antiviral efficiency
of SL9 specific CTLs in culture and the loss of MHC-I down-
regulation by Nef, indicating that both the timing of epitope
expression and reduction of MHC-I affect the ability of CTLs
to supress HIV-1.

HXB2 Location p17 (77-85)
Author Location Gag (77-85 B con)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A2)
Country United States.
Assay type CDS8 T-cell Elispot - IFNy
Keywords variant  cross-recognition  or  cross-
neutralization
References |Draenert et al.|2004c
* CD8+ T-cell responses that persisted in individuals with ad-
vanced disease were studied; most of the optimal epitopes
defined were recognized with intermediate to high avidity. On
average 13 (range, 2-39) epitopic regions were targeted in an av-
erage of 6 proteins (range, 1-8). HAART resulted in decrease
in antigen and reduction in gamma IFN EliSpot responses,
suggesting active responses to autologous virus. The lack of
mutations within most viral epitopes suggest that persistent
CTL through late disease do not exert strong immune selection
pressure, yet the Elispot assays show robust responses, suggest-
ing to the authors that gamma IFN-based screening methods
may not reveal functional CD8+ T-cell impairment in patients
with AIDS.
3 subjects recognized this epitope with high functional avidity.
Relative to consensus, 2 individuals that had the SLYNTVATL
epitope carried a R -> K mutation proximal to but outside
the epitope; possible processing implications were not studied
here.

HXB2 Location p17 (77-85)
Author Location Gag
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A2)
Country Netherlands.
Assay type CDS8 T-cell Elispot - IFNy
Keywords HIV exposed persistently seronegative
(HEPS)
References |[Koning et al.[2004
* A high-risk seronegative group of 29 patients showed reduced
in vitro susceptibility for HIV infection and enhanced pro-
duction of RANTES compared to 15 men who went on to
seroconvert. Significantly higher frequencies of HLA A*11,
A*31 and Cw*15 were also found in the high risk seronega-
tive men. Both groups of men had low frequencies of HIV-1
specific CD8+ T-cells, which may signify exposure more than
protection from infection.
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¢ 2/11 HLA A2+ infection-resistant men, compared to 7/9 men
pre-seroconversion who went on to become infected, reacted
to this epitope.

HXB2 Location p17 (77-85)
Author Location p17 (77-85)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A2)
Country Spain.
Assay type proliferation, CD8 T-cell Elispot - IFNy, Flow
cytometric T-cell cytokine assay
Keywords HAART, ART, supervised treatment interrup-
tions (STI), immune dysfunction
References |Plana ef al.|2004
o Structured treatment interruption (STI) alone is not able to
control viral replication in chronically infected patients, proba-
bly due to lack of strong, maintained T-helper cell responses.
HIV-1 specific CD8+ T-cell responses were shown to increase
significantly until the end of the follow up, but were not corre-
lated with viral load.
* 14/19 patients recognized this epitope, it was the most com-
monly recognized of 9 HLA A*02 epitopes tested.

HXB2 Location p17 (77-85)
Author Location p17 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A2)
Assay type Chromium-release assay
Keywords binding affinity, TCR usage, characterizing
CD8+ T cells
References |Yang et al.[2003b
« Killing efficiency of CTLs and their ability to suppress viral
replication is shown to depend more on epitope specificity than
to antigenic avidity. Different clones recognizing the same
epitope had similar killing efficiency despite their variation in
avidity. Nef specific CTL clones tended to be most inhibitory,
followed by Gag, then by RT specific clones, regardless of
avidity.
¢ 3/14 CTL T-cell clones tested were specific for Gag/p17-SL9.
Under conditions of excess peptide (100ug/ml), there was no
difference in their lytic potential; all possessed similar effector
capacity. Avidity was measured as the sensitizing dose of pep-
tide required for 50% of maximal killing (SD50), which varied
from 20 pg/ml to 100 ng/ml, over four orders of magnitude for
all 14 epitopes. The SD50 range for Gag/p17-SL9 was 1,000 -
20,000 pg/ml.

HXB2 Location pl7 (77-85)
Author Location Gag (77-85)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A2)
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Assay type Cytokine production, proliferation, CD8 T-
cell Elispot - IFNy, Tetramer binding, CD4
T-cell Elispot - IFNY, Intracellular cytokine
staining, Flow cytometric T-cell cytokine as-
say
Keywords HAART, ART, memory cells, characterizing
CD8+ T cells
References |Daniel ef al.|2004
* CD4+ and CD8+ responses in chronically HIV-1 infected pa-
tients on HAART were weak with decreased polyclonality.
Only 33% of patients had CD4+ T-cells that could proliferate,
and only 22% had HIV-specific CD8+ T-cell responses, and
those rare responses showed low perforin levels and persistent
expression of CD27, indicating incomplete differentiation and
loss of lytic function.

HXB2 Location p17 (77-85)
Author Location pl17
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A2)
Country United States.
Assay type proliferation, Tetramer binding, T-cell Elispot
Keywords acute/early infection, characterizing CD8+ T
cells, immune dysfunction
References |Lichterfeld et al.[2004a
* HIV-1 specific CD8+ T-cells in acute and long-term nonpro-
gressive HIV-1 infection show strong ex-vivo proliferative ca-
pacities which are rapidly lost in chronic HIV-1 infection. The
loss of CD8+ T-cell function is closely linked with the loss of
HIV-1 specific, IL2 secreting CD4+ T-cells. The function can
be rescued in vitro and in vivo by restoring the specific CD4+
T-cell help.
Despite being detectable at high frequencies, CD8+ T-cells
specific for SL9 epitope were shown to entirely lose their pro-
liferative capacity in chronic HIV-1 infection. This activity
could be restored by co-stimulation with CD4+ T cells isolated
from acute infection in an IL-2 dependent manner.

HXB2 Location pl7 (77-85)
Author Location Gag (77-85)
Epitope SLYNTVATL
Epitope name gag 77-85
Subtype B
Immunogen HIV-1 infection, HIV-2 infection
Species (MHC) human (A2)
Country Gambia.
Assay type Tetramer binding, Intracellular cytokine stain-
ing
Keywords escape, TCR usage, variant cross-recognition
or cross-neutralization, characterizing CD8+
T cells
References |Lopes et al.[2003
* CD8+ T cells from HIV-2 infected patients had more polyclonal
TCR responses than HIV-1 infected patients, who tended to
have oligoclonal responses. This results in limited plasticity of
T cell responses to amino acid substitutions within epitopes in
HIV-1 infections. HIV-2-specific CD8+ T-cells showed a more
diverse TCR usage associated with enhanced CD8 expansion
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and IFN-gamma production on cross-recognition of variant
epitopes.

Responses to this epitope were characterized in detail. One pa-
tient’s response to SL9 A2-SLYNTVATL tetramers was shown
to have only VbetaS.1 clonotypes. The naturally occuring
HIV-2 variant: slFntvCVI, was not recognized well by this
response or by the SLYNTVATL reactive CD8+ T cells in
four additional A2+ HIV infected asymptomatic individuals.
The subtype A variant, slFntvatl was also poorly recognized,
and 4/5 Ala substitutions abrogated responses. All variants
bound to HLA-A?2 with higher affinity than the index peptide
except slyntAatl, which was slightly reduced, so the lack of
cross-reactivity must have been due to the TCR.

.

HXB2 Location p17 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A2)
Assay type Chromium-release assay
Keywords assay standardization/improvement
References |Lubong er al.|2004
Using IL7 or IL15 in culturing of HIV-1-specific CTL clones
was inferior to using IL-2 alone; the addition of these cytokines
to IL-2 did not show any advantage. Neither proliferation,
survival, nor lytic capacity of HIV-1-specific CTLs was signifi-
cantly enhanced by addition of IL7 or IL15.

HXB2 Location pl7 (77-85)
Author Location pl7
Epitope SLYNTVATL
Immunogen HIV-1 exposed seronegative
Species (MHC) human (A2)
Donor MHC A*02, A*30, B*4402, B*15
Assay type Tetramer binding, T-cell Elispot
Keywords HIV exposed persistently seronegative
(HEPS)
References |Missale et al.|2004
» HIV-specific T-cell response was tested in patients exposed to
blood from a patient with highly replicating HIV; these patients
were nosocomially infected with HBV, but uninfected with
HIV. HIV-specific T-cell responses were directed to structural
and non-structural HIV proteins in 2 patients, suggesting that
the virus replicated in these patients sufficiently to prime a
cell-mediated immune response that protected them from HIV
infection.
This patient responded to 4/8 HIV epitopes tested in an
IFNgamma EliSpot assay or tetramer assay. Responses were
detected 8 and 28 weeks after exposure. No response to SLYNT-
VATL was detected by either assay.

HXB2 Location pl7 (77-85)
Author Location pl7
Epitope SLYNTVATL
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A2)
Country United Kingdom.
Assay type Tetramer binding, T-cell Elispot, Intracellular
cytokine staining
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Keywords rate of progression, acute/early infection, char-
acterizing CD8+ T cells, immune dysfunction
References Papagno ef al.|2004

* Acute HIV-1 infection induces massive activation of HIV-
specific and non-HIV-specific CD8+ T-cells resulting in differ-
entiation of these cells. High differentiation of CD8+ T-cells is
correlated with disease progression. Differentiation is a natural
process but it can be driven by elevated immune activation,

such as in HIV infection.

HXB2 Location p17 (77-85)
Author Location pl17 (77-85)
Epitope SLFNTVATL
Epitope name SLF
Immunogen HIV-1 infection
Species (MHC) human (A2)
Donor MHC A2, A68.1, B*07, B*3503, Cw*0401,
Cw*0702, DR17, DR15, DR51, DR52, DQ2,
DQ6
Assay type CDS8 T-cell Elispot - [FNY, Tetramer binding,
CD4 T-cell Elispot - IFNy
Keywords rate of progression, immunodominance, es-
cape
References |Oxenius et al.[2004b

* The increase in plasma viral load in a patient that progressed
rapidly was preceded by positive selection of viral escape mu-
tations in epitopes targeted by dominant HIV-1-specific CD8+
T-cell responses, and a decrease in HIV-1-specific CD4+ and
CD8+ T-cell frequencies. Overall, escape variant epitopes were
recognized 0-80% as efficiently as the index peptide, and the
relatively efficiency of the variant eptiopes increased using
PBLs collected after their appearance. No changes were found
in viral tropism, replication kinetics and neutralizing antibody
titers, so the rapid decline of the patient was attributed to loss
of HIV containment due to CTL escape.

* This epitope was one of six epitopes found to be under positive
selection for escape mutations and was completely replaced
by escape variants between days 327 and 635 (slYntvatl and
slYnAvatl).

HXB2 Location pl7 (77-85)
Author Location Gag
Epitope SLYNTVATL
Epitope name SL9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A2)
Assay type CD8 T-cell Elispot - IFNy
Keywords subtype comparisons, escape, characterizing
CD8+ T cells, reversion, viral fitness
References |Allen ef al.|2005a
* Two-thirds of all mutations arising in nonenvelope proteins dur-
ing the transition from acute to chronic infection were found
to be due to either CD8 T-cell-associated selective pressures
or reversion of HLA-I-associated mutations selected in a pre-
vious host.The predominance of escape mutations at highly
polymorphic sites was observed across different HIV-1 clades.
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* Two escape mutations, at positions 3 and 8, slFntvatl and slynt-
vaVl, were found in the most polymorphic residues in the epi-
tope. These were shared between clades B and C. One escape
mutation, at position 6, slyntlatl, was found not to correspond
to the most polymorphic residue in the epitope.

HXB2 Location p17 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A2)
Country United States.
Assay type CD8 T-cell Elispot - IFNy, Chromium-release
assay, HLA binding
Keywords acute/early infection, optimal epitope
References |Altfeld et al.[2005
* The most frequently targeted HLA-A2-restricted CD8+ T-cell
epitopes in chronic infection were significantly less frequently
recognized during primary infection. This is the most com-
monly recognized A2 epitope in chronic infection, recognized
in 62% of 74 A2+ people, but it is rarely recognized in acute
infection (in only 1/14 cases).

HXB2 Location p17 (77-85)
Author Location pl17 (77-85 HXB2)
Epitope SLYNTVATL
Epitope name 17A
Subtype B
Immunogen vaccine
Vector/Type: DNA  Strain: multiple epitope
immunogen HIV component: p17/p24 Gag,
Pol Adjuvant: 1L-12
Species (MHC) transgenic mouse (A2)

Assay type Cytokine production, CD8 T-cell Elispot -
IFNY, Chromium-release assay
vaccine-specific epitope characteristics, vac-
cine antigen design

References [Bolesta e al.|2005
¢ Immunization of transgenic mice with a codon-optimized

hGagp17p24-Polp51 DNA plasmid, consisting of clusters of
highly conserved CTL epitopes presented by multiple MHC
class I alleles, induced 2- to 5-fold higher CD8+ T-cell re-
sponses than the corresponding full-length proteins. The modi-
fied proteins had the ribosomal frameshift deleted, as well as
the potentially immunosuppressive p15, and protease and inte-
grase. This correlated with higher protection against challenge
with Gag and Pol expressing recombinant vaccinia virus. Mice
immunized with the hGagp17p24-Polp51 also showed an ele-
vated level of type 1 cytokine production as well as an increased
titer of p24- and RT-specific IgG2 antibody responses.

» This was 1 of 4 A2 gag/pol epitopes tested. Transgenic mice
immunized with the deleted construct induced more potent
EliSpot reactions to this epitope than those immunized with
full length Gag/Pol.

Keywords

HXB2 Location p17 (77-85)

Author Location pl7 (77-85)

Epitope SLYNTVATL
Immunogen HIV-1 infection
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Species (MHC) human (A2)
Donor MHC A2, A2, B44, B70; A2, A31, B51, B58w4
Country United States.
Assay type Intracellular cytokine staining, Flow cytomet-
ric T-cell cytokine assay
Keywords HAART, ART, escape, variant
recognition or cross-neutralization
References |Casazza et al.|2005
 Evidence of continued viral evolution during HAART therapy
despite low viral load was found in 1/5 patients studied.
* This epitope was recognized in 2 individuals and was invariant
in both prior to HAART (20/20 clones in each).

Cross-

HXB2 Location p17 (77-85)
Author Location
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A2)
Country Germany.
Assay type CDS8 T-cell Elispot - IFNy
Keywords rate of progression, escape, variant cross-
recognition or cross-neutralization, optimal
epitope
References |Harrer et al.|2005
* An HLA-B13-restricted optimal epitope was defined in Nef,
RI9. The frequency of CTLs specific for this epitope in B13-
positive patients exceeded the number of CTLs against other
epitopes, indicating that this is a dominant epitope in B13-
positive subjects. Three B13-positive patients who had an im-
munodominant response to this epitope were good controllers
of their infection, with low viral loads over long periods.
Five A2+ B13+ patients were found to make an immuno-
dominant response to the B13 epitope RI9. 0/5 recognized
ILKEPVHGY, and only 1/5 recognized SLYNTAVTL, with a
much lower frequency than the B13 response.
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HXB2 Location p17 (77-85)
Author Location Gag (77-85 BRU)
Epitope SLYNTVATL
Subtype B, CRF02_AG
Immunogen HIV-1 infection
Species (MHC) human (A2)
Country Cote D’Ivoire.
Assay type CDS8 T-cell Elispot - IFNy
Keywords subtype comparisons
References |[[nwoley ez al.[2005
* CD8+ T-cells from HIV-1 CRF02_AG-infected Ivorians could
recognize clade B epitopes. No difference was observed in the
number of recognized peptide pools between nine French sub-
type B infected study subjects, and nine CRF02_AG infected
Ivorian subjects.
* This epitope was recognized by 3/9 CRF02_AG-infected pa-
tients, and by 2/9 B-infected patients.

HXB2 Location pl7 (77-85)
Author Location Gag
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A2)
Country Netherlands.
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Assay type Tetramer binding, Flow cytometric T-cell cy-
tokine assay
Keywords binding affinity, rate of progression, escape,
characterizing CD8+ T cells
References [Jansen et al.ll2005
HLA-B57 has been associated with long term non-progression
in HIV+ people. The number and responsiveness of CD8 T-
cells directed to different Gag peptides presented by HLA-A2,
-B8 and B57 were compared. T cells specific for the HLA-B57
epitope KAFSPEVIPMF responded to a higher extent and more
readily to antigenic stimulation than those specific for the A2
epitope SLYNTVATL and the B8 epitope EITYKRWIIL.
In 3/4 A2 subjects that were sequenced, epitope variants domi-
nated: 2 subjects carried slFntvatl, and the other slyntlatl.
Tetramer decay experiments indicate that the HLA-B57 peptide
has a higher half-life than the A2 and B8 peptides. The authors
point out that CD8+ T cells with high binding affinity may
require less help.

.

HXB2 Location p17 (77-85)
Author Location Gag (77-85)
Epitope SLYNTVATL
Epitope name SL9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A2)
Donor MHC A*02, A*68, B*14, B*52, Cw*08, Cw*12
Country United States.
Assay type CD8 T-cell Elispot - IFNy, Chromium-release
assay, Flow cytometric T-cell cytokine assay
Keywords escape, optimal epitope
References |[Koibuchi ez al.[2005

o HIV-1-specific CD8 T-cell responses were shown to be per-
sistent in the chronic phase of HIV-1 infection, although the
responses to some of the epitopes were declining despite the
persistence of the targeted sequences in vivo. Only 4/14 epi-
topes were potential CTL escape variants, although strong
responses to these epitopes persisted for 6 years. This indicates
limited viral evolution within targeted CD8 T-cell epitopes
during the chronic phase of infection.

« Elispot responses to the consensus form of this epitope, SLYNT-
VATL, were much more intense than to the most common
variants of the epitope found over time in this individual, SLfN-
TiATL and SLfNTVAVL; these may be escape variants. The
strong response to the consensus form persisted, despite the fact
it was not observed among the autologous sequences during 6
years of chronic infection.

HXB2 Location p17 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Subtype B
Immunogen HIV-1 infection, HIV-1 exposed seronegative
Species (MHC) human (A2)
Country Canada.
Assay type CD8 T-cell Elispot - IFNy

114

Gag p17 CTL/CD8+ epitopes

Keywords HIV exposed persistently seronegative
(HEPS), immunodominance, genital and
mucosal immunity, characterizing CD8+ T
cells
References [Makedonas ef al.2005
* CDS8 T-cell responses were studied in individuals who remained
seronegative in spite of being mucosally (group 1) or intra-
venously (group 2) exposed to HIV-1. A similar proportion of
subjects from each group recognized at least 1 HIV peptide,
and they recognized peptides with similar cumulative intensity.
The proportion of responding individuals in both groups was
significantly greater than in a low-risk, negative control group.
One exposed uninfected subject recognized 7 epitopes.
HLA-A*0201 epitopes that are immunodominant in chroni-
cally infected individuals were rarely stimulatory in exposed
uninfected individuals. SLYNTVATL was recognized by one
HLA A2+ individual in each group (1/11 vs 1/5), while none
of the exposed uninfected individuals tested responded to
ILKEPVHGV. In contrast, chronically infected subjects recog-
nized these epitopes at a frequency of 69% and 31%, respec-
tively.

HXB2 Location p17 (77-85)
Author Location pl17 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A2)
Country Germany.
Assay type CD8 T-cell Elispot - IFNy, Chromium-release
assay
Keywords HAART, ART, characterizing CD8+ T cells,
optimal epitope
References [Schmitt-Haendle et al.[2005
* CTL responses to 3 HLA-A2-restricted epitopes were investi-
gated in 51 HIV-1 infected HLA-A2+ individuals. The most
prevalent response was seen for IV9, followed by SL9. The
VL9 epitope was not recognized. There was a significant corre-
lation of CTL activity to the CD8 counts in peripheral blood,
but no correlation to CD4 counts, viral load, or antiviral ther-
apy.
* SL9 was only recognized in 13.7% of the individuals tested.

HXB2 Location pl7 (77-85)
Author Location p17
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 exposed seronegative
Species (MHC) human (A2, A*0202)
Keywords subtype comparisons
References [Rowland-Jones ez al.[1998b
HIV-specific CTL were found in exposed seronegative prosti-
tutes from Nairobi — these CTL may confer protection.
Seroprevalence in this cohort is 90-95% and their HIV-1 expo-
sure is among the highest in the world.
Most isolated HIV strains are clade A in Nairobi, although
clades C and D are also found — B clade epitopes are often cross-
reactive, however stronger responses are frequently observed
using A or D clade versions of epitopes.
This epitope is conserved among B and D clade viruses.
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* The Clade A version of the epitope, SLFNTVATL, was prefer-
entially recognized by CTL.

 This epitope was recognized by two different exposed seroneg-
ative prostitutes.

HXB2 Location p17 (77-85)
Author Location pl7
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human
Keywords review, escape
References |Sewell ez al.[2000:
Review of the impact of CTL on viral immunity and escape that
notes that SLYNTVATL-tetramer binding cells in individuals
that react to this epitope inversely correlate with plasma viral
load.

HXB2 Location p17 (77-85)
Author Location (SF2, HXBc2/Bal chimeric)
Epitope SLYNTVATL
Epitope name SL9
Subtype B
Immunogen HIV-1 infection
Species (MHC)
Keywords rate of progression, escape
References |Douek et al.[2002
Seven HIV-positive subjects tended to make their strongest
CD8+ T-cell response against Gag; these responses had varying
breadth and magnitude that were unrelated to disease progres-
sion.
Patient TX7 primarily recognized SL9 during a three year study
period and used six T-cell clonotypes for this recognition.
SLYNTVATL was the only form of the epitope found initially,
but three alternate forms eventually appeared: SLYNTVAVL,
SLYNTIATL, and most commonly SLYNTIAVL. These dis-
tinct forms bind A2, but have distinct abilities to stimulate
different T-cell clonotypes.
In subject TX7, the observed mutations of SL9 failed to escape
overall CTL recognition, presumably because the six T-cell
clonotypes allowed a more flexible response.
The BV17 T-cell clone recognized SL9 but not SLYNTIAVL,
and BV17 became undetectable at week 20 when SLYNTI-
AVL predominated. Subsequently BV17 became the second
most common clone. Thus the relative frequency of the T-cell
clonotypes varied with respect to each other and to epitope
variation.

HXB2 Location p17 (77-85)
Author Location p17 (77-85 LAI)
Epitope SLYNTVATL
Subtype B
Immunogen HIV-1 infection
Species (MHC) human
Donor MHC A*0201
Keywords HAART, ART, responses in children
References |Luzuriaga et al.|2000
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* Longitudinal study of 8 infants with prolonged viral suppres-
sion due to combination antiretroviral therapy showed no HIV-1
specific CTL responses in peripheral blood cells. 6/8 were
studied using a Chromium release assay and no response was
detected using Gag expressed in vaccinia in the target cells.
Three HLA-A*0201 children were tested using SLYNTVATL
or ILKEPVHGV HLA A*0201 tetramers and again no HIV-
specific response was detected, either using PBMC specimens,
or PBMC which had been stimulated in vitro for a week.

In contrast, one of the children with therapy suppressed HIV
viral replication who was co-infected with HIV and EBV, while
HIV-tetramer negative, had EBV-tetramer staining cells at a
frequency of 0.14% in the PBMC.

HXB2 Location pl17 (77-86)
Author Location Gag
Epitope SLYNTVATLY
Epitope name 1261
Subtype multiple
Immunogen HIV-1 infection
Species (MHC) human (A2)
Donor MHC A01, A02, BO8, Cw16; A02, A30, B35, B49,
Cw04, Cw07; A02, A03, B7, B58, Cw07;
A02, A03, B0S, B51, Cw01, Cw07
Country United States.
Assay type T-cell Elispot
Keywords binding affinity, computational epitope predic-
tion
References \De Groot et al.|[2003
* Epitopes defined using sequence parsing and matching algo-
rithm Conservatrix, and epitope prediction tool EpiMatrix,
were shown to be conserved in a broad range of HIV-1 se-
quences derived from different parts of the world. 31 novel
highly conserved HIV-1 epitopes were found, among which
four were recognized as promiscuous epitopes and five as MHC
supertypes.
* Estimated binding probability for SLYNTVATLY: 78%

HXB2 Location p17 (77-91)
Author Location pl7 (77-85)
Epitope SLYNTVATLYCVHQR
Subtype A, D
Immunogen HIV-1 infection
Species (MHC) human (A*3002, A*0201)
Donor MHC A*3002, A*6801, B*5703, B*¥5802; A*0201,
A*2902, B*¥1402, B*1503
Country Uganda.
Assay type CD8 T-cell Elispot - IFNy
Keywords subtype comparisons,  variant  cross-
recognition or cross-neutralization
References [Barugahare ef al.|2005
* T-cell immune responses were examined in HIV-1 infected
Ugandans. Similar levels of cross-clade responses for Gag,
Env and Nef were observed. Higher frequencies of responses
in conserved regions were found for Gag within a single clade,
while areas with higher viral sequence variation had fewer
detectable responses. Differential interclade sequence homolo-
gies between the Gag regions did not affect the respective level
of cross-clade recognition.

115

+
o«
@)
O
-
-
O




0
—
-
(@)
O
==]
+

HIV CTL/CD8+ Epitope Tables

The sequence contains a known A2 epitope and a known
A*3002 epitope, and the subjects recognizing it each carry
an HLA with a previously-defined restriction. The viral se-
quence isolated from the subjects was slFntvatlycvhqr, and was
reactive.

HXB2 Location p17 (78-85)
Author Location pl7

Epitope LYNTVATL

Subtype D

Immunogen HIV-1 infection
Species (MHC) human (A24)
Donor MHC A23, A24, B35, B58, Cw4, Cw7
Country Democratic Republic of the Congo.
Assay type CDS8 T-cell Elispot - IFNy
Keywords subtype comparisons, computational epitope
prediction
References |Geels et al.l2005

Cross-clade CTL responses in 10 non-B HIV-1 infected indi-
viduals were evaluated. T-cell reactivity was tested against
peptide pools of clade B Gag, Pol, Nef, Rev and Tat. Nine indi-
viduals demonstrated cross-reactive T-cell responses to clade
A, B, and C Gag pools; 6/7 patients that responded to Nef-B
also reacted to clade A and C Nef pools. An inverse correlation
was observed between the sequence divergence of the HLA
class I restricted epitopes and the height of the T-cell responses,
which in Gag could be explained through variations in the
HLA-anchor residues. 42% of the responses were directed to
regions containing new epitopes.
Predicted epitope based on a patient with an HLA motif em-
bedded in a reactive peptide from a person carrying a D clade
Gag.

HXB2 Location p17 (78-85)
Author Location
Epitope LYNTVATL
Immunogen
Species (MHC) human (Cw*14)
Keywords optimal epitope
References [Frahm ez al.|2007
* C. Brander notes that this is an Cw14 epitope.

HXB2 Location pl17 (78-86)
Author Location (C consensus)
Epitope LYNTVATLY
Subtype C
Immunogen HIV-1 infection
Species (MHC) human (A*29)
Country South Africa.
Assay type CD8 T-cell Elispot - IFNy
Keywords rate of progression, optimal epitope
References Kiepiela ef al.|2007
* A comprehensive analysis of 160 class I T cell responses in 578
individuals from KwaZulu-Natal, South Africa was performed.
Gag-specific responses were associated with lowering viremia,
while Env, accessory and regulatory protein-specific responses
were associated with higher viremia.
Mutational patterns in the Y2 residue of LYNTVATLY are
associated with the presence of the HLA presenting molecule
in the host.
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HXB2 Location p17 (78-86)
Author Location pl17 (78-86)
Epitope LYNTVATLY
Immunogen
Species (MHC) human (A*2902)
Keywords optimal epitope
References [Frahm ez al.[2007
* C. Brander notes that this is an A*2902 epitope.

HXB2 Location p17 (78-86)
Author Location (78-86)
Epitope LFNTVATLY
Subtype C
Immunogen HIV-1 infection
Species (MHC) human (A*2902)

Assay type Other

Keywords HLA associated polymorphism

References [Boutwell & Essex/|[2007
» All HIV-1 subtype C protein sequences were analysed, and
94 HLA-associated amino acid polymorphisms were found
that were well distributed throughout the proteome. These
sequences were compiled from publicly available databases
and originated in South Africa and Botswana. Many polymor-
phisms were associated with multiple HLA allele classes. 12%
of negative associations were found as well, where there was
an association of virus expression of the consensus amino acid
with a specific HLA allele. HLA-B alleles were involved in
most of the associations. 19 HLA-associated polymorphisms
were embedded in previously defined epitopes presented by an
appropriate HLA restricting molecule.
LENTVATLY was a previously defined A*2902 presented epi-
tope that encompassed an A*29 associated polymorphism,
LfNTVATLY,in the second position.

HXB2 Location pl7 (78-86)

Author Location pl7
Epitope LYNTVATLY

Epitope name LY-9
Subtype C
Immunogen HIV-1 infection
Species (MHC) human (A*2902, B*¥4403)

Country South Africa.

Assay type CD8 T-cell Elispot - IFNy, CD4 T-cell Eli-
spot - IFN7, Intracellular cytokine staining,
Chromium-release assay

Keywords subtype comparisons, epitope processing, im-
munodominance, cross-presentation by differ-
ent HLA

References IMasemola et al.|[2004b!

* Highly targeted regions in Gag for CD8+ T-cells were defined
for individuals with C clade infections in South Africa. 9
specific epitopes within the most reactive regions were charac-
terized. This is 1 of 5 novel epitopes that were found among
subtype C HIV-1 from African patients who hadn’t previously
been identified in B clade infections. Some epitopes were
shown to be promiscuous, presented by multiple class I restrict-
ing alleles.
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e LYNTVATLY was presented by A*2902 and B*4403. B*44 is
more common among Caucasians than Zulus (allele frequency
0.149 versus 0.107), while A*29 is more common in Zulus
(0.045 versus 0.125).

HXB2 Location p17 (78-86)
Author Location (C consensus)
Epitope LYNTVATLY
Subtype C
Immunogen HIV-1 infection
Species (MHC) human (A29)
Country South Africa.
Assay type CDS8 T-cell Elispot - IFNy
Keywords characterizing CD8+ T cells
References |Kiepiela et al.|2004
* HLA class I restricted CD8+ T-cell responses against HIV-1
were analyzed in African patients. Significantly more responses
were shown to be HLA-B restricted. Viral load, CD4 count,
and thus rate of disease progression were also associated with
HLA-B alleles. In addition, the selection pressure imposed on
HIV-1 by HLA-B alleles was shown to be substantially greater
than by other alleles.
 This epitope was suggested to be the epitope within a longer
reactive peptide based on correspondence with a known epitope
in the HIV database. Also, a significantly higher frequency of
people in the Durban cohort who reacted with the peptide had
this HLA type.

HXB2 Location pl17 (78-86)
Author Location
Epitope LYNTVATLY
Immunogen
Species (MHC) human (B*4403)
Keywords optimal epitope
References [Frahm ez al.|2007
» C. Brander notes that this is an B*4403 epitope.

HXB2 Location p17 (80-88)
Author Location Gag (80-)
Epitope NTVATLYCV
Epitope name Gag80
Immunogen HIV-1 infection, vaccine
Vector/Type: peptide HIV component: pl7
Gag Adjuvant: Incomplete Freund’s Adju-
vant (IFA)
Species (MHC) human, transgenic mouse (A2)
Assay type CDS8 T-cell Elispot - IFNy, Chromium-release
assay, Flow cytometric T-cell cytokine assay
Keywords binding affinity, subtype comparisons, com-
putational epitope prediction
References |Corbet ez al.|2003
e HLA-A2-restricted HIV-1 CTL epitopes were computationally
predicted. Binding affinities for HLA-A*0204, immunogenic-
ity in HLA-A*0201 transgenic mice, and responses to the
peptides in 17 HIV-1 infected patients were tested. 31 novel
conserved A2 epitopes were detected. An average of 4 epitopes
were recognized per patient.
» This peptide was an intermediate A2 binder, and induced CTL
and CD8+ T-cell IFN gamma responses in mice. Responses
were detected in 1/17 HIV+ HLA-A2 subjects.
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HXB2 Location p17 (82-91)
Author Location pl17 (82-91 93TH253 subtype CRFO01)
Epitope IATLWCVHQR
Epitope name G82-91
Subtype CRF01_AE
Immunogen HIV-1 infection, HIV-1 exposed seronegative
Species (MHC) human (A11)
Keywords HIV exposed persistently seronegative
(HEPS)
References [Sriwanthana et al.|2001
» This was a study of HIV-1 exposed persistently seronegative
(HEPS) female sex workers in Chiang Mai, northern Thailand.
* HLA-A11 is very common in this population, and was enriched
among the HEPS sexworkers — weak CTL responses were
detected in 4/7 HEPS women, and CTL responses were found
in 8/8 HIV+ controls, and 0/9 HIV- women that were not
exposed.
 This epitope was weakly reactive in the HEPS study subject
265 who was HLA A2/A11.
* This epitope was strongly reactive in HIV+ study subject 053
who carried HLA-A11.

HXB2 Location p17 (82-91)
Author Location pl17 (82-91 93TH253 subtype CRFO1)
Epitope IATLWCVHQR
Subtype CRFO1_AE
Immunogen HIV-1 infection
Species (MHC) human (A11)
Keywords subtype comparisons
References [Bond et al.2001

* HLA-A11 CRFO1 (called subtype E in Bond et al.) epitopes
were identified that stimulated CTL from HIV+ female sex
workers (FSW) from Northern Thailand, of whom more than
half were HLA-A11 positive.

77 possible HLA-A11 epitopes were first defined using Epi-
Matrix, these were screened for binding to A1l finding and 26
bound, and 12 of these were epitopes for CTL responses from 8
HLA-A11 positive FSWs, six were novel, six were previously
identified.

This epitope was predicted by the EpiMatrix method to be
likely to bind to A11, and it served as an epitope in the FSWs,
it was one of the six Al1 epitopes that had been previously
defined.

3/8 tested FSWs recognized this epitope.

This epitope was not conserved in other subtypes, and exact
matches were uncommon.

HXB2 Location p17 (84-91)
Author Location Gag (83-90)
Epitope TLYCVHQR
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A*1101)
Keywords subtype comparisons, TCR usage
References |[Fukada et al.|2002

117

+
o«
@)
O
-
-
O




0
—
-
(@)
O
==]
+

HIV CTL/CD8+ Epitope Tables

* Counterparts for eight known clade B HLA A*1101 epitopes
were generated for clade E (CRFO1). Three epitopes, identical
among clade A-E, were cross-reactive and recognized by clade
E infected individuals. The clade E and B analogs to three
more HLA A*1101 epitopes was recognized in a clade specific
manner. Two other HLA A*1101 clade B defined epitopes were
found not to have stimulated a response in clade E infected
individuals.

TLYCVHQR was found to elicit clade-specific responses in
clade B (TLYCVHQR is most common, and is also common
in clade A — the variant tlycvhgK is common in clade B) and
clade E (t1lWcvhqr is most common). TLYCVHQR was not
recognized by any CTL, tlycvhgK was recognized by CTL
from 1/5 B clade infected Japanese subjects, and tIWcvhqr was
not recognized by CTL from infected Thai subjects, so this
seems to be a B clade exclusive epitope.

The binding of the variant peptides to HLA A*1101 was
comparable, but CTL that recognized tlycvhgK did not cross-
recognize the other forms, implicating TCR interaction differ-
ences.

HXB2 Location pl17 (84-91)
Author Location pl17 (83-91)
Epitope TLYCVHQR
Immunogen HIV-1 infection

Species (MHC) human (A11)

Keywords escape

References [Harrer ez al.|1998
Two overlapping epitopes were recognized in a long-term
survivor, restricted by two different HLA molecules, HLA-
A11(TLYCVHQR) and HLA-A2 (SLYNTVATL)
Viral sequence substitutions were present in this individual
which did not affect viral replication and did not alter CTL-
recognition of the A2 epitope, but reduced recognition of the
Al1 epitope, indicative of immune escape.
A QO0E substitution resulted in a loss of the ability of the
peptide to induce lysis, a RO1K substitution was still reactive,
and a R91Q substitution showed a reduced ability to stimulate
lysis.

HXB2 Location pl17 (84-92)
Author Location pl7 (84-92)
Epitope TLYCVHQRI
Immunogen HIV-1 infection
Species (MHC) human (A*1101)
Keywords optimal epitope
References [Frahm ez al.|2007
¢ C. Brander notes that this is an A*1101 epitope.

HXB2 Location pl7 (84-92)
Author Location Gag (83-91 SUMA)
Epitope TLYCVHQKI
Epitope name Gag TI9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A*1103)
Donor MHC A*1103, A*2402, B*1402, B*1501,
Cw*0802
Country United States.
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Assay type CD8 T-cell Elispot - IFNy, Chromium-release
assay
Keywords dynamics, acute/early infection, characteriz-
ing CD8+ T cells

References [Jones ef al.|2004
* Primary CD8+ T-cell response to Env, Tat and Gag and the
extent, kinetics and mechanisms of viral escape were examined
in three patients. Rapid escape,within weeks from infection,
from HIV specific CTL responses was observed in all three
patients, but the kinetics and extent of the escape differed
depending on the breadth and co-dominant distribution of CTL-
mediated pressure. The two patients that rapidly declined had
more focused immunodominant responses, while the single
patient that had low viral load and stable CD4 counts for seven
years had a broad co-dominant response and less escape.
The patient SUMA maintained low viral loads and stable CD4
T-cell counts through seven years of follow up. In contrast to
more rapid progressors, WEAU and BORI, SUMA a broad
response to 24 epitopes, with little immunodominance. Two
peptides were somewhat more intensely recognized in acute
infection, but this response leveled out early on.
Only four epitopes were found to acquire escape muations in
SUMA over time, and this was one of the 20 that remained
invariant. A low level response was detected at acute infection
that persisted through early infection.

HXB2 Location pl17 (84-92)
Author Location pl17 (84-92)
Epitope TLYCVHQRI
Immunogen HIV-1 infection
Species (MHC) human (A11)
Keywords responses in children, mother-to-infant trans-
mission
References [Brander & Walker|1995
* Epitope defined in the context of the Pediatric AIDS Founda-
tion ARIEL Project, a mother-infant HIV transmission study.

HXB2 Location pl17 (84-92)
Author Location pl17 (84-92)
Epitope TLYCVHQRI
Immunogen HIV-1 infection
Species (MHC) human (A11)
References |Birk ez al.|1998b
* A study of p17 variation considering known p17 epitopes and
individuals with known HLA types revealed that p17 evolution
is influenced by immune pressure from CTLs.

HXB2 Location p17 (84-92)
Author Location pl17 (84-92)
Epitope TLYCVHQRI
Immunogen HIV-1 infection
Species (MHC) human (A11)
References |Ferrari e al.[2000
* One of the 51 HIV-1 epitopes selected by Ferrari et al. as
good candidate CTL epitopes for vaccines by virtue of being
conserved and presented by common HLA alleles.

HXB2 Location p17 (84-92)
Author Location p17 (84-92 SF2)
Epitope TLYCVHQRI
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Immunogen HIV-1 infection
Species (MHC) human (A11)
Keywords HAART, ART, acute/early infection
References |Altfeld et al.[2001b

» Therapy provided during acute infection resulted in a narrower
CTL response, stronger T help response, and a less diverse
viral population than was seen in individuals treated during
chronic infection.

e The breadth and specificity of the response was deter-
mined using ELISPOT by studying 19 individuals with pre-
seroconversion therapy (Group 1), 11 individuals with primary
infection but post-seroconversion therapy (Group 2), and 10
individuals who responded to HAART given during chronic
infection (Group 3), using 259 overlapping peptides spanning
pl7, p24, RT, gp41, gp120 and Nef.

* Previously described and newly defined optimal epitopes were
tested for CTL response.

¢ Number of HLA-A11+ individuals that had a CTL response to
this epitope broken down by group: 0/3 group 1, 0/0 group 2,
and 1/2 group 3.

HXB2 Location pl17 (84-92)
Author Location pl7 (84-92)
Epitope TLYCVHQRI
Immunogen HIV-1 infection, HIV-1 exposed seronegative
Species (MHC) human (A11)
Keywords HIV exposed persistently
(HEPS)
References |[Kaul ez al.|2001a
ELISPOT was used to study CTL responses to a panel of 54
predefined HIV-1 epitopes in 91 HIV-1-exposed, persistently
seronegative (HEPS) and 87 HIV-1-infected female Nairobi
sex workers.

seronegative

HXB2 Location p17 (85-92)
Author Location p17
Epitope LYCVHQKI
Subtype D
Immunogen HIV-1 infection
Species (MHC) human (A24)
Donor MHC A23, A24, B35, B58, Cw4, Cw7
Country Democratic Republic of the Congo.
Assay type CDS8 T-cell Elispot - IFNy
Keywords subtype comparisons, computational epitope
prediction
References |Geels et al.l2005
* Cross-clade CTL responses in 10 non-B HIV-1 infected indi-
viduals were evaluated. T-cell reactivity was tested against
peptide pools of clade B Gag, Pol, Nef, Rev and Tat. Nine indi-
viduals demonstrated cross-reactive T-cell responses to clade
A, B, and C Gag pools; 6/7 patients that responded to Nef-B
also reacted to clade A and C Nef pools. An inverse correlation
was observed between the sequence divergence of the HLA
class I restricted epitopes and the height of the T-cell responses,
which in Gag could be explained through variations in the
HLA-anchor residues. 42% of the responses were directed to
regions containing new epitopes.
* Predicted epitope based on a patient with an HLA motif em-
bedded in a reactive peptide from a person carrying a D clade
Gag.
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HXB2 Location p17 (86-101)

Author Location pl17 (SF2)

Epitope YCVHQRIEIKDTKEAL
Immunogen HIV-1 infection
Species (MHC) human
References |Altfeld ef al.|2000.

* This epitope was mapped by ELISPOT in a study identifying
new HLA-B60 epitopes, and was one of the epitopes presented
by another HLA molecule in an HLA-B60 individual.

* The response to the peptide was CD8 dependent, but the HLA
presenting molecule and optimal epitope were not determined.

HXB2 Location p17 (86-101)
Author Location p17 (SF2)
Epitope YCVHQRIEIKDTKEAL
Immunogen HIV-1 infection
Species (MHC) human
References |Altfeld ez al.|2000
* This epitope was mapped by ELISPOT in a study identifying
new HLA-B60 epitopes, and was one of the epitopes presented
by another HLA molecule in an HLA-B60 individual.
» The response to the peptide was CD8 dependent, but the HLA
presenting molecule and optimal epitope were not determined.
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HXB2 Location p17 (87-105)

Author Location p17 (91-105 SF2)
Epitope CRIDVKDTKEALEKIE
Immunogen HIV-1 infection
Species (MHC) human
References |[Lieberman et al.[1997b

* CTL expanded ex vivo were later infused into HIV-1 infected

patients.

HXB2 Location p17 (88-115)
Author Location pl17 (88-115 ARV)
Epitope VHQRIEIKDTKEALDKIEEEQNKSKKKA
Immunogen HIV-1 infection
Species (MHC) human (A2)
References |Achour et al.[1990
* B cell epitope HGP-30 also serves as a CTL epitope.

HXB2 Location p17 (88-115)
Author Location pl17 (88-115 ARV)
Epitope VHQRIEIKDTKEALDKIEEEQNKSKKKA
Immunogen vaccine
Vector/Type: ~ peptide HIV component:
CD4BS, HPG30, V3  Adjuvant: 1L-12
Species (MHC) mouse (H-29)
References [Hamajima ez al.[1997
* B cell epitope HGP-30 also serves as a CTL epitope.
* Vaccine combined HGP-30, V3 loop peptide variants, and CD4
binding site peptide.
* JL-12 expression plasmid included with the vaccination en-
hanced the CTL response.

HXB2 Location p17 (91-101)
Author Location pl17 (SF2)
Epitope RIDVKDTKEAL
Immunogen HIV-1 infection
Species (MHC) human

119



0
—
-
(@)
O
==]
+

HIV CTL/CD8+ Epitope Tables

Keywords subtype comparisons, immunodominance

References |Goulder ez al.|2000a
The CTL-dominant response was focused on this epitope in
an HIV+ Haitian living in Boston, who was A23/68 B45/72
Cw2/16 — this epitope fell outside the most recognized peptides
in the study.
Three peptides GSEELRSLYNTVATL (p17 residues 71-85),
SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRL-
RPGGKKKYKLK (p17 16-30) contained the dominant Gag-
specific epitope in 31/44 B-clade infected individuals from
Boston who showed Gag-CTL responses.
Five peptides RLRPGGKKHYMIKHLVW (p17 20-36),
ELRSLYNTVATLYCYV (p17Gag 74-88), SALSEGATPQDL-
NTMLNTVG (p24 41-60), FRDYVDRFFKTLRAEQA (p24
161-177), and SILDIKQGKEPFRDY (p24 149-164) contained
dominant Gag-specific epitopes in 32/37 C-clade infected sub-
jects from South Africa.

.

HXB2 Location p17 (91-105)
Author Location p17 (91-105 SF2)
Epitope RIDVKDTKEALEKIE
Immunogen HIV-1 infection
Species (MHC) human
References |Lieberman et al.l|[1997a
* Of 25 patients, most had CTL specific for more than 1 HIV-1
protein.
* Twelve subjects had CTL that could recognize vaccinia-
expressed LAI gag.
* One of these 12 had CTL response to this peptide.
* The responding subject was HLA-A3, A24, B8, B55.

HXB2 Location p17 (92-101)
Author Location p17 (92-101)
Epitope IEIKDTKEAL
Immunogen HIV-1 infection
Species (MHC) human (B*4001)
Keywords optimal epitope
References [Frahm ez al.|2007
» C. Brander notes this is a B¥*4001 epitope.

HXB2 Location p17 (92-101)
Author Location pl7
Epitope IEIKDTKEAL
Immunogen HIV-1 infection
Species (MHC) human (B60)
References Wagner et al.[|1998a
* CTL specific for HIV epitopes were used to show that the
mediators of both the cytolytic (granzyme A was used as the
marker) and non-cytolytic (HIV-1 inhibitory chemokines MIP-
1 oo and RANTES were used as markers) anti-viral responses
are localized within the CTL’s cytotoxic granules.

HXB2 Location p17 (92-101)
Author Location p17 (92-101 SF2)
Epitope IEIKDTKEAL
Immunogen HIV-1 infection
Species (MHC) human (B60)
Keywords HAART, ART, acute/early infection
References |Altfeld et al.l2001b
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* Therapy provided during acute infection resulted in a narrower
CTL response, stronger T help response, and a less diverse
viral population than was seen in individuals treated during
chronic infection.

The breadth and specificity of the response was deter-
mined using ELISPOT by studying 19 individuals with pre-
seroconversion therapy (Group 1), 11 individuals with primary
infection but post-seroconversion therapy (Group 2), and 10
individuals who responded to HAART given during chronic
infection (Group 3), using 259 overlapping peptides spanning
pl7, p24, RT, gp41, gp120 and Nef.

Previously described and newly defined optimal epitopes were
tested for CTL response.

Number of HLA-B60+ individuals that had a CTL response to
this epitope broken down by group: 0/2 group 1, 1/1 group 2,
and 0/0 group 3.

HXB2 Location p17 (92-101)
Author Location pl7 (SF2)
Epitope IEIKDTKEAL
Immunogen HIV-1 infection
Species (MHC) human (B60)
References |Altfeld ef al.|2000.
* This epitope was mapped by ELISPOT in a study identifying
new HLA-B60 epitopes.
* B60 is present in 10-20% of the Caucasoid and very common
in Asian populations.

HXB2 Location p17 (92-101)
Author Location Gag (92-101)
Epitope IEIKDTKEAL
Immunogen HIV-1 infection
Species (MHC) human (B60)
Keywords class I down-regulation by Nef
References Yang et al.[2002
» Nef down-modulates class I protein expression, and this study
demonstrates directly that Nef-deleted HIV-1 NL-43 can be
more effectively killed in vitro than NL-43 with an intact Nef.
The effect was shown to be specific for class I presentation
of epitopes, and unlike Nef, deleting Vpr did not alter CTL
susceptibility of NL43 infected cells. The CTL clone 161JD27,
specific for the class I B60 presented epitope IEIKDTKEAL,
was one of four used in this study.

HXB2 Location p17 (92-101)
Author Location p17 (92-101 NL43)
Epitope IEIKDTKEAL
Epitope name IL10
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B60)
Assay type Chromium-release assay, CTL suppression of
replication
Keywords escape
References |Yang et al.|[2003al
* Virus was cultured in the presence of CTL lines spe-
cific for 5 different epitopes (SLYNTVATL, ILKEPVHGY,
IEIKDTKEAL, SEGATPQDL, and KEKGGLEGL) to study
the emergence of escape mutations. Escape varied between
clones for the same epitope, and between different epitopes.
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Gag and RT epitope escape, if it occurred at all, tended to be
monoclonal and within the epitope, indicating strong fitness
constraints, while the Nef epitope escape was rapid, polyconal,
and sometimes the result of upstream frameshifts.

There was one cloned cell line that recognized IEIKDTKEAL,
161JD27. After 2 weeks of passaging HIV-1 in the presence
of 161JD27, no mutations were observed within the epitope in
10 sequences; one of the 10 had a single E -> K substitution 6
amino acids beyond the C-terminal end of the epitope.

HXB2 Location p17 (92-101)
Author Location Gag (92-101 B consensus)
Epitope IEIKDTKEAL
Epitope name 1L10
Subtype B
Immunogen vaccine
Vector/Type: adeno-associated virus (AAV)
HIV component: gp120
Species (MHC) human (B60)
Assay type Chromium-release assay, Flow cytometric T-
cell cytokine assay
Keywords dynamics, immune evasion
References |Brainard ez al.[2004
e HIV-1 gpl120 is shown to suppress the ability of antigen-
specific CTLs to migrate or remain at sites of high viral repli-
cation by concentration-dependent chemotaxis and fugetaxis.
Directional T-cell movement is shown to depend on the inter-
action of the V2 and V3 loops with the CXCR4 receptor. X4
HIV-1 gp120 causes the migration of T-cells, including HIV-1
specific CTL, away from infected target cells, another potential
mechanism for immune evasion.

HXB2 Location p17 (92-101)
Author Location p17 (92-101)
Epitope IEIKDTKEAL
Epitope name Gag/p17-1IL10
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B60)
Assay type Chromium-release assay
Keywords binding affinity, epitope processing, TCR us-
age, characterizing CD8+ T cells
References |Yang et al.|2003b
« Killing efficiency of CTLs and their ability to suppress viral
replication is shown to depend more on epitope specificity than
to antigenic avidity. Different clones recognizing the same
epitope had similar killing efficiency despite their variation in
avidity. Nef specific CTL clones tended to be most inhibitory,
followed by Gag, then by RT specific clones, regardless of
avidity.
¢ 1/14 CTL T-cell clones tested were specific for Gag/p17-IL10.
Under conditions of excess peptide (100ug/ml), there was no
difference in their lytic potential; all possessed similar effector
capacity. Avidity was measured as the sensitizing dose of pep-
tide required for 50% of maximal killing (SD50), which varied
from 20 pg/ml to 100 ng/ml, over four orders of magnitude for
all 14 epitopes. The SD50 value for the Gag/p17-IL10 clone
was 8,000 pg/ml.

HXB2 Location p17 (92-101)
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Author Location p17 (92-101)

Epitope IEIKDTKEAL
Immunogen HIV-1 infection
Species (MHC) human (B60, B61)
Keywords immunodominance

References |Day ef al.[2001

* No immunodominant responses were detected to five B61-

restricted epitopes tested.

* All five B60-restricted epitopes were reactive in another subject,

and the B60-restricted responses together contributed over one-
third of the total CTL response.

HXB2 Location p17 (93-101)

Author Location Gag (99-107 WEAU)

Epitope EVKDTKEAL
Epitope name Gag EVL9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B*0801)
Donor MHC A*2902, B*4403, B*0801
Country United States.
Assay type CD8 T-cell Elispot - IFNy, Chromium-release
assay
Keywords dynamics, immunodominance, acute/early in-
fection, kinetics, characterizing CD8+ T cells,
reversion, viral fitness
References [Jones et al.|2004
* Primary CD8+ T-cell response to Env, Tat and Gag and the
extent, kinetics and mechanisms of viral escape were examined
in three patients. Rapid escape,within weeks from infection,
from HIV specific CTL responses was observed in all three
patients, but the kinetics and extent of the escape differed
depending on the breadth and co-dominant distribution of CTL-
mediated pressure. The two patients that rapidly declined had
more focused immunodominant responses, while the single
patient that had low viral load and stable CD4 counts for seven
years had a broad co-dominant response and less escape.
The patient WEAU had high viral loads and rapid CD4 decline.
WEAU mounted 14 detected CTL responses, with distinct
patterns of immunodominance. WEAU did not control viral
replication well, and escape mutations occurred early and 4/14
had changes that could have resulted in escape, and two were
confirmed as escape.
There was a weak response to this epitope during acute and
early infection, and the epitope sequence did not vary during
the first year of the infection.

HXB2 Location p17 (93-101)
Author Location p17
Epitope EVKDTKEAL
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B*0801)
Donor MHC A*0101, A*0301, B*0801, B*¥5101; A*0101,
B*0801
Country United Kingdom.
Assay type CD8 T-cell Elispot - IFNy, HLA binding
Keywords escape, acute/early infection, variant cross-
recognition or cross-neutralization
References Milicic et al.ll2005
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* CTL responses and escape were analyzed in 4 homosexual
couples where blood samples were available within weeks
of estimated transmission. When the recipient had the same
HLA type as the donor, CTL escape variants prevented a CTL
response to those epitopes in the recipient. Even when the
HLA alleles were different in the transmitting couple, a single
escape mutation in one epitope can abolish CTL recognition
of an overlapping epitope of distinct restriction in the recipient.
In an early acute infection of the donor, the precise timing of
transmission determines the viral variants transmitted.

» The second donor in the study shares A*0101 and B*0801 with
his partner. The epitope EVKDTKEAL has an escape variant
in the donor that does not react in an Elispot assay, DvkGtkeal,
but the Dvkdtkeal form was the transmitted variant. The trans-
mitted form and EVKDTKEAL bind with equal affinity to
B*0801.

» The recipient mounted a response to the Dvkdtkeal form of the
epitope. The variant DvRdtkeal was detected by 32 weeks post
infection.

HXB2 Location p17 (93-101)
Author Location p17 (93-101)
Epitope EIKDTKEAL
Immunogen peptide-HLA interaction
Species (MHC) human (B8)
References |DiBrino et al.[1994b
* Examined in the context of motifs important for HLA-BS8 bind-
ing, predicted epitope based on Achour et al.

HXB2 Location p17 (93-101)
Author Location p17 (93-101)
Epitope EIKDTKEAL
Immunogen HIV-1 infection
Species (MHC) human (B8)
References |Birk et al.||1998b
¢ A study of p17 variation considering known p17 epitopes and
individuals with known HLA types revealed that p17 evolution
is influenced by immune pressure from CTLs.

HXB2 Location p17 (93-101)
Author Location p17 (93-101 LAI)
Epitope EIKDTKEAL
Subtype B
Immunogen
Species (MHC) human (B8, B60)
References |Brander & Walker|1997
¢ Pers. comm. from A. Trocha and S. Kalams to C. Brander and
B. Walker.

HXB2 Location p17 (93-101)
Author Location pl17 (SF2)
Epitope DVKDTKEAL
Immunogen HIV-1 infection
Species (MHC) human
Keywords subtype comparisons, immunodominance
References |Goulder et al.|2000a
¢ The CTL-dominant response was focused on this epitope in
a HIV+ Caucasian from Boston, who was A1/*0201 B8/63
Cw7/- — this epitope fell outside the most recognized peptides
in the study.
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* Three peptides GSEELRSLYNTVATL (p17 residues 71-85),
SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRL-
RPGGKKKYKLK (p17 16-30) contained the dominant Gag-
specific epitope in 31/44 B-clade infected individuals from
Boston who showed Gag-CTL responses.

» Five peptides RLRPGGKKHYMIKHLVW (p17 20-36),
ELRSLYNTVATLYCV (p17Gag 74-88), SALSEGATPQDL-
NTMLNTVG (p24 41-60), FRDYVDRFFKTLRAEQA (p24
161-177), and SILDIKQGKEPFRDY (p24 149-164) contained
dominant Gag-specific epitopes in 32/37 C-clade infected sub-
jects from South Africa.

HXB2 Location pl17 (119-127)
Author Location Gag (119-127 BORI)
Epitope AADTGNSSQ
Epitope name Gag AQ9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human
Donor MHC A*2902, B¥1402, Cw*0802
Country United States.
Assay type CD8 T-cell Elispot - IFNy, Chromium-release
assay
Keywords dynamics, immunodominance, escape,
acute/early infection, characterizing CD8+ T
cells, reversion, viral fitness
References [Jones et al.|2004
* Primary CD8+ T-cell response to Env, Tat and Gag and the
extent, kinetics and mechanisms of viral escape were examined
in three patients. Rapid escape, within weeks from infection,
from HIV specific CTL responses was observed in all three
patients, but the kinetics and extent of the escape differed
depending on the breadth and co-dominant distribution of CTL-
mediated pressure. The two patients that rapidly declined had
more focused immunodominant responses, while the single
patient that had low viral load and stable CD4 counts for seven
years had a broad co-dominant response and less escape.
The patient BORI had high viral loads and rapid CD4 decline.
BORI mounted 8 detected responses. BORI did not control
viral replication well, and escape mutations occurred early and
in most epitopes, 6/7 that were precisely identified.
20 variants in the AADTGNSSQ epitope were found in the
patient BORI, the first appearing at day 35 with new variants
continuing to arise through day 556. This is an extremely
variable epitope, and changed not only by base substitution but
by insertion and deletion. All variants tested conferred escape,
at high concentrations of peptide.

HXB2 Location p17 (121-132)
Author Location pl17 (121-132 HXB2R)
Epitope DTGHSNQVSQNY
Immunogen HIV-1 infection
Species (MHC) human (A33)
References [Buseyne et al.|1993b
* Clustering of Gag p24 CTL epitopes recognized in 29 HIV-
infected people.

HXB2 Location pl17 (121-132)
Author Location Gag (121-132 LAI)
Epitope DTGHSNQVSQNY
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Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A33)
References Buseyne et al.[1993a

¢ Vertical transmission of HIV ranges from 13% to 39%.
* Primary assays showed that cytotoxic activity against at least

one HIV protein was detected in 70% of infected children.
» Epitopes recognized in five children were mapped using syn-
thetic peptides and secondary cultures.
Patient EM17 (CDC P2A+C+D2) had a CTL response to two
epitopes in Gag.

HXB2 Location p17 (123-132)
Author Location Gag
Epitope GNSSQVSQNY
Epitope name GY10
Subtype B
Immunogen HIV-1 infection
Species (MHC) human
Donor MHC A28, A29, B14, B44, Cw8
Country United States.
Assay type CDS8 T-cell Elispot - IFNy
Keywords subtype comparisons, escape, characterizing
CD8+ T cells, reversion, viral fitness
References |Allen ef al.l2005a
» Two-thirds of all mutations arising in nonenvelope proteins dur-
ing the transition from acute to chronic infection were found
to be due to either CD8 T-cell-associated selective pressures
or reversion of HLA-I-associated mutations selected in a pre-
vious host.The predominance of escape mutations at highly
polymorphic sites was observed across different HIV-1 clades.
* One escape mutation, at position 2, gKssqvsqny, was found not
to correspond to the most polymorphic residues in the epitope.
This is a novel partially mapped epitope.

HXB2 Location p17 (124-132)
Author Location pl7 (124-132 LAI)
Epitope NSSKVSQNY
Subtype B
Immunogen HIV-1 or HIV-2 infection
Species (MHC) human (B*3501)
Keywords optimal epitope
References [Frahm ez al.|2007
* Noted by Brander to be B*3501 epitope.

HXB2 Location pl17 (124-132)
Author Location pl7
Epitope NSSQVSQNY
Immunogen HIV-1 infection
Species (MHC) human (B*3501)
Keywords binding affinity
References [Dorrell e al.|2001
» The crystal structure of this epitope bound to HLA-B*3501
shows that a serine can fit into the B pocket, which is shared
between B35 and B53, with the hydroxyl group of the P2 serine
occupying a position almost identical to the P2 proline that was
previously considered the anchor motif.
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* Novel B53 epitopes (DTINEEAAEW and QATQEVKNM)
were defined in this study that showed that A and T can also
serve as P2 anchor residues for the B pocket of HLA-B35 and
B53 —while S, T, and P could all fit into the B pocket and form
a hydrogen bond, A would not form a bond, so the authors
propose compensatory interactions account for the high affinity
of QATQEVKNM for B53.

HXB2 Location p17 (124-132)
Author Location p17 (124-132 LAI)
Epitope NSSKVSQNY
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B35)
Keywords review
References [McMichael & Walker|1994
* Review of HIV CTL epitopes.

HXB2 Location p17 (124-132)
Author Location
Epitope NSSKVSQNY
Immunogen HIV-1 infection
Species (MHC) human (B35)
Keywords dynamics, acute/early infection
References |Wilson et al.J2000a
* Three individuals with highly focused HIV-specific CTL re-
sponses were studied during acute infection using tetramers —
high frequencies of HIV-1-specific CD8+ T cells were found
prior to seroconversion, and there was a close temporal rela-
tionship between the number of circulating HIV-specific T cells
and viral load.
All three patients were B*2705, with HLA alleles: A1, A30/31,
B#*2705, B35; A1, A*0301, B7, B2705; and A*0201, A*0301,
B2705, B39.
ELISPOT was used to test a panel of CTL epitopes that had
been defined earlier and were appropriate for the HLA haplo-
types of the study subjects — 3/3 subjects showed a dominant
response to the B*2705 epitope KRWIILGGLNK.
The subject with A*0201 had a moderately strong response to
SLYNTVATL.
Weak responses were observed to A*301-RLRPGGKKK,
A*301-QVPLRPMTYK, and B7-TPGPGVRYPL in the subject
who was HLA Al, A*0301, B7, B*2705.
No acute response was detected to the following epi-
topes: A*201-ILKEPVHGYV, A*301-KIRLRPGGK, A*301-
AIFQSSMTK, A*301-TVYYGVPVWK, B35-EPIVGAETF,
B35-HPDIVIYQY, B35-PPIPVGEIY, B35-NSSKVSQNY,
B35-VPLRPMTY, B35-DPNPQEVVL.

HXB2 Location p17 (124-132)
Author Location p17 (124-132)
Epitope NSSKVSQNY
Immunogen HIV-1 infection
Species (MHC) human (B35)
References [Birk ef al.ll1998b
* A study of p17 variation considering known p17 epitopes and
individuals with known HLA types revealed that p17 evolution
is influenced by immune pressure from CTLs.

HXB2 Location pl17 (124-132)
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Author Location p17 (124-132 LAI)
Epitope NSSKVSQNY
Subtype B
Immunogen HIV-1 or HIV-2 infection
Species (MHC) human (B35)
References |Rowland-Jones et al.|1995
« Established by titration.

HXB2 Location p17 (124-132)
Author Location p17 (124-132 LAI)
Epitope NSSKVSQNY
Subtype B
Immunogen in vitro stimulation or selection
Species (MHC) human (B35)
References |Lalvani et al.[1997
* A peptide-based protocol was optimized for restimulation of
CTLp using optimized peptide and IL-7 concentrations — impor-
tantly this protocol does not stimulate a primary response, only
secondary — peptide-specific CTLp counts could be obtained
via staining with peptide-Class I tetramers.
This peptide was one of the B35 presented test peptides used
in control experiments showing that the assay gave no activity
using lymphocytes from 21 healthy B35 seronegative donors.

HXB2 Location p17 (124-132)

Author Location pl17
Epitope NSSKVSQNY
Immunogen
Species (MHC) human (B35)
References [Rowland-Jones ez al.l[1999

* CTL responses in seronegative highly HIV-exposed African
female sex workers in Gambia and Nairobi were studied — these
women had no delta 32 deletion in CCRS.
In Gambia there is exposure to both HIV-1 and HIV-2, CTL
responses to B35 epitopes in exposed, uninfected women are
cross-reactive.
HIV-2 version of this epitope is not conserved: PPSGKGGNY,
but the CTLs are cross-reactive — this is one of five B35 CTL
epitopes that are cross-reactive, see also/Rowland-Jones ef al.
[[1995]].

HXB2 Location p17 (124-132)
Author Location pl7
Epitope NSSKVSQNY
Immunogen HIV-1 infection
Species (MHC) human (B35)
Keywords HAART, ART
References [Seth et al.[2001
* CTL responses were studied by tetramer staining in 41 patients
with combination therapy — activated CD8+ T-cells decline as
the viral load drops in response to therapy, but the overall level
of antigen-specific cells capable of differentiating into effectors
stays constant and new epitopes may be recognized.

HXB2 Location pl7 (124-132)
Author Location pl7 (124-132 SF2)
Epitope NSSKVSQNY
Immunogen HIV-1 infection
Species (MHC) human (B35)
Keywords HAART, ART, acute/early infection
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References |Altfeld et al.[2001b
Therapy provided during acute infection resulted in a narrower
CTL response, stronger T help response, and a less diverse
viral population than was seen in individuals treated during
chronic infection.
The breadth and specificity of the response was deter-
mined using ELISPOT by studying 19 individuals with pre-
seroconversion therapy (Group 1), 11 individuals with primary
infection but post-seroconversion therapy (Group 2), and 10
individuals who responded to HAART given during chronic
infection (Group 3), using 259 overlapping peptides spanning
pl7, p24, RT, gp41, gp120 and Nef.
Previously described and newly defined optimal epitopes were
tested for CTL response.
Number of HLA-B35+ individuals that had a CTL response to
this epitope broken down by group: 0/2 group 1, 0/2 group 2,
and 1/1 group 3.

HXB2 Location pl17 (124-132)
Author Location
Epitope NSSKVSQNY
Epitope name Gag-NY9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B35)
References [Sabbaj et al.|2003
* Among HIV+ individuals who carried HLA B35, 1/21 (5%)
recognized this epitope.

HXB2 Location pl17 (124-132)
Author Location p17 (124-132)
Epitope NSSKVSQNY
Immunogen HIV-1 infection
Species (MHC) human (B35)
Country Spain.
Assay type proliferation, CD8 T-cell Elispot - IFNy, Flow
cytometric T-cell cytokine assay
Keywords HAART, ART, supervised treatment interrup-
tions (STI), immune dysfunction
References |Plana et al.l[2004
* Structured treatment interruption (STI) alone is not able to
control viral replication in chronically infected patients, proba-
bly due to lack of strong, maintained T-helper cell responses.
HIV-1 specific CD8+ T-cell responses were shown to increase
significantly until the end of the follow up, but were not corre-
lated with viral load.
* Less than 2/9 patients recognized this epitope.

1I-B-2 Gag p17-p24 CTL/CD8 + epitopes

HXB2 Location pl7-p24 (124-1)
Author Location Gag (124-133 BORI)
Epitope NSSQVSQNYP
Epitope name Gag NP10
Subtype B
Immunogen HIV-1 infection
Species (MHC) human
Donor MHC A*2902, B*1402, Cw*0802
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Country United States.
Assay type CD8 T-cell Elispot - IFNy, Chromium-release
assay
Keywords dynamics, immunodominance, escape,
acute/early infection, characterizing CD8+ T
cells, reversion, viral fitness
References lJones ef al.|2004

e Primary CD8+ T-cell response to Env, Tat and Gag and the

extent, kinetics and mechanisms of viral escape were examined

in three patients. Rapid escape,within weeks from infection,

from HIV specific CTL responses was observed in all three

patients, but the kinetics and extent of the escape differed

depending on the breadth and co-dominant distribution of CTL-

mediated pressure. The two patients that rapidly declined had

more focused immunodominant responses, while the single

patient that had low viral load and stable CD4 counts for seven

years had a broad co-dominant response and less escape.

The patient BORI had high viral loads and rapid CD4 decline.

BORI mounted 8 detected responses. BORI did not control

viral replication well, and escape mutations occurred early and

in most epitopes, 6/7 that were precisely identified.

10 variants in the NSSQVSQNYP epitope were found in the

patient BORI, the first appearing at day 35, NgSQVSQNYP,

with new variants continuing to arise through day 556. This

is an extremely variable epitope, and changed not only by

base substitution but by insertion and deletion. All variants

tested conferred some degree of escape by diminishing the CTL

response.

HXB2 Location p17-p24 (126-11)
Author Location (C consensus)
Epitope GKVSQNYPIVQNLQGQMV
Subtype C
Immunogen HIV-1 infection
Species (MHC) human (B13)
Country South Africa.

Assay type CDS8 T-cell Elispot - IFNy
Keywords rate of progression
References Kiepiela et al.|2007

* A comprehensive analysis of 160 class I T cell responses in 578

individuals from KwaZulu-Natal, South Africa was performed.

Gag-specific responses were associated with lowering viremia,
while Env, accessory and regulatory protein-specific responses
were associated with higher viremia.

HXB2 Location p17-p24 (127-3)
Author Location p17-p24 (127-135 subtype D)
Epitope QVSQNYPIV
Subtype D
Immunogen
Species (MHC) human (A*6802)
References [Dong| 1998
 Epitope starts in p17 and ends in p24.
* Predicted on binding motif, no truncations analyzed.

HXB2 Location pl17-p24 (129-7)
Author Location Gag (129-139)
Epitope SQNYPIVQNIQ
Epitope name Gag 7.3
Immunogen vaccine

HIV Molecular Immunology 2006/2007
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Vector/Type: DNA prime with modified vac-

cinia Ankara (MVA) boost  Strain: B clade
HIV component: Env, Gag, Protease, Rev, RT,
Tat, Vpu

Species (MHC) macaque
Assay type T-cell Elispot, Intracellular cytokine staining
Keywords subtype comparisons,  variant  cross-
recognition or cross-neutralization, memory
cells
References |Amara ez al.[2005

* A clade B DNA/MVA HIV vaccine was shown to raise a broad
cross-reactive cellular immune response for peptides based on
the CRF02_AG consensus Gag in macaques. The activity was
better conserved for CD8 than CD4 T cells.

» All 5 CD8 and 4/8 of the CD4 epitopes that were recognized
in vaccinated macaques have also been reported for human
infections, indicating cross-species conservation of a CD8 T
cell epitope previously reported for humans as NYPIVQNL.
HLA restriction: A*2402.

* The response elicited to the B clade epitope SQNYPIVQNIQ
does not cross-react with the CRF02 form SQNYPIVQNaQ.
Other clades either most commonly carry an A or L in this
position, SQNYPIVQN[a/1]Q.
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HXB2 Location pl17-p24 (131-6)

Author Location p17-p24 (132-140 SF2)

Epitope NYPIVQNL
Immunogen HIV-1 infection
Species (MHC) human (A*2402)
References |[keda-Moore et al.[1997

* The epitope starts in p17 and ends in p24.

* Defined using reverse immunogenetics — 59 HLA-A*2402
binding peptides were predicted by searching for A*2402 an-
chors in HIV proteins (Tyr at 2, and Phe, Leu or Ile at the C
term) — 53 of the 59 peptides bound A*2402.

* This peptide induced CTL in 1/4 HIV-1 + people tested.

* NYPIVQNL bound to A*2402 with medium strength, and the
epitope can be processed in a vaccinia construct and presented
—no CTL clone was obtained.

1I-B-3 Gag p24 CTL/CD8 + epitopes

HXB2 Location p24 (3—-11)
Author Location
Epitope VQNLQGQMV
Epitope name VV9
Immunogen
Species (MHC) human (B13)

Keywords optimal epitope
References [Frahm ez al.|2007

* C. Brander notes this is a B13 epitope.

HXB2 Location p24 (8-17)
Author Location p24 (140-149)
Epitope GQMVHQAISP
Immunogen HIV-1 infection
Species (MHC) human (B57)
Keywords immunodominance
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References [Betts et al.|2000

e Only 4/11 HLA-A2+ HIV+ individuals had CTL that reacted
to SLYNTVATL, calling into question whether it is immuno-
dominant.

* 95 optimally-defined peptides from this database were used to
screen for INFy responses to other epitopes.

¢ 1/11 of the A2+ individuals was HLA A*0201, A1, BS7 and
responded to four B57 epitopes and two others.

HXB2 Location p24 (8-20)
Author Location p24 (140-152 IIIB)
Epitope GQMVHQAISPRTL
Immunogen HIV-1 infection
Species (MHC) human (Cw3)
References |Littaua ez al.|1991
« Fine specificity of human Cw3 restricted Gag CTL epitope.

HXB2 Location p24 (8-20)
Author Location p24 (8-20)
Epitope GQMVHQAISPRTL
Immunogen HIV-1 infection
Species (MHC) human (Cw3)
Donor MHC AO03, A32, B51, B15, Cw03, Cw06, DR4,
DRS8, DQ7
Country Netherlands.
Assay type CDS8 T-cell Elispot - IFNY, Flow cytometric
T-cell cytokine assay
Keywords rate of progression, escape
References |Geels et al.l2003
Both stable potential epitopes and epitopes with escape muta-
tions were found in a patient with increasing viral load over a
time period of 4 years. Fixation of escape mutations occured
sequentially and correlated with the rise in viral load and with
the increased number of productively infected cells.
This is one of 17 potential epitopes from this individual, defined
based on previously identified epitopes presented by appropri-
ate HLA molecules. Full length genome sequence did not
reveal changes in time in any of these epitopes over a four year
period. Peptide pools initially revealed very little response to
these eptiopes, but this increased over time.

HXB2 Location p24 (8-27)
Author Location p24 (140-159)
Epitope GQMVHQAISPRTLNAWVKVV
Immunogen HIV-1 infection
Species (MHC) human (B14)
References [Musey et al.|[1997
* CTL specific for this epitope were found in the peripheral blood
but not in the cervical mucosa of one donor.

HXB2 Location p24 (9-18)
Author Location Gag (173-182)
Epitope QMVHQAISPR
Immunogen HIV-1 infection
Species (MHC) human (A3 supertype)
Keywords supertype, rate of progression
References Propato et al.|2001
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* Long-term nonprogressors (LTNPs) had strong memory resting
CD8+ T-cell responses against the majority of epitopes tested,
(18 for the A2 supertype, 16 for the A3 supertype) while the
effector cells of long-term nonprogressors recognized far fewer
epitopes.

* Progressors had memory resting CD8+ T-cells that recognized
far fewer epitopes than LTNPs.

* A positive correlation between effector CD8+ T-cells and
plasma viremia and a negative correlation between CD8+ ef-
fector T-cells and CD4+ T-cells was observed, which may
contribute to the inability of LTNPs to clear virus.

* This epitope can bind 3/5 HLA-A3 supertype alleles (A*0301,
A*1101, A*3101, A*3301 and A*6801).

HXB2 Location p24 (9-23)
Author Location p24 (16-24)
Epitope QMVHQSLSPRTLNAW
Subtype A, D
Immunogen HIV-1 infection
Species (MHC) human
Donor MHC A*3002, A*6801, B*5703, B*¥5802; A*3001,
A*6601, B*5801, B*5802
Country Uganda.
Assay type CDS8 T-cell Elispot - IFNy
Keywords subtype comparisons,  variant  cross-
recognition or cross-neutralization
References Barugahare et al.|2005

* T-cell immune responses were examined in HIV-1 infected
Ugandans. Similar levels of cross-clade responses for Gag,
Env and Nef were observed. Higher frequencies of responses
in conserved regions were found for Gag within a single clade,
while areas with higher viral sequence variation had fewer
detectable responses. Differential interclade sequence homolo-
gies between the Gag regions did not affect the respective level
of cross-clade recognition.

* The sequence contains a known B7/B8 epitope, but the sub-
jects recognizing it are B7- and B8-negative. The viral se-
quences isolated from the subjects were qmThqNIsprtlnaw and
gmvhgAlsprtlnaw, and the peptide was recognized.

HXB2 Location p24 (10-18)
Author Location Gag (144-152 SF2)
Epitope MVHQAISPR
Subtype B
Immunogen HIV-1 infection, computer prediction
Species (MHC) human (A*3303)
Assay type Chromium-release assay
Keywords binding affinity, computational epitope predic-
tion
References [Hossain et alJ2003
* HLA-A*3303 is a common HLA allele in east and southeast
Asia. Pol, Gag and Nef SF2 proteins were scanned for potential
A*3303 epitopes. 99 potential epitopes were synthesized, and
52/99 bound to A*3303. Six of these served as peptide-targets
for lysis by PBMC from infected individual, and clones derived
from 4 of these 6 could lyse HIV-vaccinia infected target cells,
indicating proper processing.
* This epitope is one of the 4 that are properly processed.

HXB2 Location p24 (10-18)
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Author Location Gag (174-182)
Epitope MVHQAISPR
Immunogen HIV-1 infection
Species (MHC) human (A3 supertype)
Keywords supertype, rate of progression
References |Propato et al.|2001

* Long-term nonprogressors (LTNPs) had strong memory resting

CD8+ T-cell responses against the majority of epitopes tested,

(18 for the A2 supertype, 16 for the A3 supertype) while the

effector cells of long-term nonprogressors recognized far fewer

epitopes.

Progressors had memory resting CD8+ T-cells that recognized

far fewer epitopes than LTNPs.

* A positive correlation between effector CD8+ T-cells and
plasma viremia and a negative correlation between CD8+ ef-
fector T-cells and CD4+ T-cells was observed, which may
contribute to the inability of LTNPs to clear virus.

 This epitope can bind 5/5 HLA-A3 supertype alleles (A*0301,
A*1101, A*3101, A*3301 and A*6801).

HXB2 Location p24 (11-20)

Author Location (C consensus)

Epitope VHQAISPRTL

Subtype C

Immunogen HIV-1 infection
Species (MHC) human (B*1510)
Country South Africa.
Assay type CD8 T-cell Elispot - IFNy
Keywords characterizing CD8+ T cells
References Kiepiela et al.|[2004

* HLA class I restricted CD8+ T-cell responses against HIV-1
were analyzed in African patients. Significantly more responses
were shown to be HLA-B restricted. Viral load, CD4 count,
and thus rate of disease progression were also associated with
HLA-B alleles. In addition, the selection pressure imposed on
HIV-1 by HLA-B alleles was shown to be substantially greater
than by other alleles.
This epitope was suggested to be the epitope within a longer
reactive peptide based on correspondence with a known epitope
in the HIV database. Also, a significantly higher frequency of
people in the Durban cohort who reacted with the peptide had
this HLA type.

HXB2 Location p24 (11-20)
Author Location (C consensus)
Epitope VHQAISPRTL
Subtype C
Immunogen HIV-1 infection
Species (MHC) human (B*1510)
Country South Africa.
Assay type CD8 T-cell Elispot - IFNy
Keywords rate of progression, optimal epitope
References |Kiepiela et al.[2007
* A comprehensive analysis of 160 class I T cell responses in 578
individuals from KwaZulu-Natal, South Africa was performed.
Gag-specific responses were associated with lowering viremia,
while Env, accessory and regulatory protein-specific responses
were associated with higher viremia.
* VHQAISPRTL is an optimal epitope.

HIV Molecular Immunology 2006/2007
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HXB2 Location p24 (11-24)
Author Location p24 (SF2)
Epitope VQHAISPRTLNAWV
Immunogen HIV-1 infection
Species (MHC) human
Keywords subtype comparisons, immunodominance
References |Goulder et al.|2000a
* The CTL-dominant response was focused on this epitope in
an HIV+ Haitian living in Boston, who was A34/68 B57/71
Cw3/7 — this epitope fell outside the most recognized peptides
in the study.
Three peptides GSEELRSLYNTVATL (p17 residues 71-85),
SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRL-
RPGGKKKYKILK (p17 16-30) contained the dominant Gag-
specific epitope in 31/44 B-clade infected individuals from
Boston who showed Gag-CTL responses.
Five peptides RLRPGGKKHYMIKHLVW (p17 20-36),
ELRSLYNTVATLYCYV (p17Gag 74-88), SALSEGATPQDL-
NTMLNTVG (p24 41-60), FRDY VDRFFKTLRAEQA (p24
161-177), and SILDIKQGKEPFRDY (p24 149-164) contained
dominant Gag-specific epitopes in 32/37 C-clade infected sub-
jects from South Africa.

HXB2 Location p24 (11-25)
Author Location p24 (11-25 HXB2)
Epitope VHQAISPRTLNAWVK
Subtype B
Immunogen HIV-1 infection
Species (MHC) human
Assay type T-cell Elispot
Keywords supervised treatment interruptions (STI), im-
munodominance, early treatment
References |Addo ef al.2003

» Comprehensive Elispot screening of 504 overlapping peptides
that spanned all HIV-1 proteins in 57 HIV-1 infected individu-
als. Four groups of patients were compared: 23 were untreated;
12 patients were chronically infected and treated; 22 started
treatment during acute infection, 11 continuously treated and
11 with STIL.
63% of the peptides were recognized - the most frequent re-
sponses were directed against Nef (95%) and p24-Gag (88%).
p17 was the most frequently recognized protein after correction
for protein length. A median of 18 peptides (range 2-42) were
recognized per person. The most frequently (>20%) recog-
nized peptides were located in conserved regions within clade
B sequences. Vpu was rarely recognized.
A decrease in the total magnitude and in the breadth of CTL
responses was detected in patients with treated acute infection
in comparison to chronically infected treated or untreated indi-
viduals. No correlation between plasma viral load and HIV-1
specific T-cell responses was observed.
The authors did not note the reference strain, but based on the
peptide sequences provided it appears to be HXB2.
Responses to this peptide were detected in 29% of the study
subjects, and it was the third most frequently recognized pep-
tide.

HXB2 Location p24 (11-32)
Author Location p24 (143-164 BH10)
Epitope VHQAISPRTLNAWVKVVEEKAF
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Immunogen HIV-1 infection
Species (MHC) human (B57)
References |Johnson et al.[1991
* Gag CTL response studied in three individuals.

HXB2 Location p24 (12-20)
Author Location
Epitope HQAISPRTL
Immunogen
Species (MHC) human (B*1510)
Keywords optimal epitope
References [Frahm et al.[2007
¢ C. Brander notes that this is an B*¥1510 epitope.

HXB2 Location p24 (12-20)
Author Location Gag (146-154)
Epitope HQAISPRTL
Immunogen HIV-1 infection
Species (MHC) chimpanzee (Patr-B*(02)
References |Balla-Jhagjhoorsingh et al.[1999b

 Certain HLA-alleles have been associated with long-term sur-
vival — among them are HLA-B*27 and HLA-B*57.

* Of more than 150 chimpanzees that have been reported to be
infected with HIV-1, only one has developed AIDS.

e CTL responses were studied in two HIV-1 infected chim-
panzees that have strong CTL responses, and they were found
to respond to highly conserved epitopes that are recognized in
humans in the context of HLA-B*27 and HLA-B*57.

¢ The human HLA protein which presents this Patr-B*02 epitope
is HLA-B*5701 but the amino acid sequences in the binding
pockets of HLA-B*5701 and Patr-B*02 are distinctive.

HXB2 Location p24 (13-20)
Author Location p24 (145-152)
Epitope QAISPRTL
Immunogen HIV-1 infection, HIV-1 exposed seronegative

Species (MHC) human (Cw3)

Keywords HIV exposed persistently seronegative

(HEPS)

References |[Kaul e al.|2001a
ELISPOT was used to study CTL responses to a panel of 54
predefined HIV-1 epitopes in 91 HIV-1-exposed, persistently
seronegative (HEPS) and 87 HIV-1-infected female Nairobi
sex workers.

HXB2 Location p24 (13-23)
Author Location p24 (145-155 LAI)
Epitope QAISPRTLNAW
Subtype B
Immunogen
Species (MHC) human (A*2501)
Keywords optimal epitope
References [Frahm ez al.|2007
» C. Brander notes that this is an A*2501 epitope.

HXB2 Location p24 (13-23)
Author Location p24 (13-23 HXB2)
Epitope QAISPRTLNAW
Epitope name QW11
Subtype B
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Immunogen HIV-1 infection
Species (MHC) human (A*2501)
Donor MHC A*0201, A*2501, B¥*1801, B*5101,
Cw*0102, Cw*1203
Assay type CD8 T-cell Elispot - IFNy
Keywords escape, immune evasion, optimal epitope,
HIV-1
References |Liu et all2006
¢ T-cell immunity and the impact of selection were longitudinally
studied in a patient from the time of transmission. New epitopes
were detected at sites that were shown to be under positive
selection. Env was found to be the major target of CTLs and
most of the new epitopes were found here. One third of the
sites examined were associated with epitope escape mutations
from CTL. Acquisition of mutations found at high frequency in
the database was suggested to be a result of reversion of CTL
epitopes in the absence of immune targeting.
* Amino acid site in the third position potentially experienced
positive selection. QAISPRTLNAW CTL escape mutant was
found.

HXB2 Location p24 (13-23)

Author Location p24 (145-155 LAI)
Epitope QAISPRTLNAW
Subtype B

Immunogen
Species (MHC) human (A25)
References |[Kurane & West|[1998

HXB2 Location p24 (13-23)
Author Location p24 (145-155 SF2)
Epitope QAISPRTLNAV
Immunogen HIV-1 infection
Species (MHC) human (A25)
Keywords HAART, ART, acute/early infection

References |Altfeld et all2001b
Therapy provided during acute infection resulted in a narrower
CTL response, stronger T help response, and a less diverse
viral population than was seen in individuals treated during
chronic infection.
The breadth and specificity of the response was deter-
mined using ELISPOT by studying 19 individuals with pre-
seroconversion therapy (Group 1), 11 individuals with primary
infection but post-seroconversion therapy (Group 2), and 10
individuals who responded to HAART given during chronic
infection (Group 3), using 259 overlapping peptides spanning
pl7, p24, RT, gp41, gp120 and Nef.
Previously described and newly defined optimal epitopes were
tested for CTL response.
Number of HLA-A25+ individuals that had a CTL response to
this epitope broken down by group: 0/0 group 1, 0/2 group 2,
and 1/3 group 3.

HXB2 Location p24 (13-23)

Author Location Gag (145-155 IIIB)
Epitope QAISPRTLNAW
Subtype B

Immunogen HIV-1 infection
Species (MHC) human (A25)
Assay type Chromium-release assay
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References |[Kurane et al.J2003
e Three CD8+ CTL cell clones were derived from 2 HIV-1 posi-
tive asymptomatic patients, and their epitope specificities and
HLA presenting proteins were defined.

HXB2 Location p24 (13-23)
Author Location p24 (145-155)
Epitope QAISPRTLNAW
Immunogen HIV-1 infection
Species (MHC) human
Keywords immunodominance
References [Betts et al.|2000
* Only 4/11 HLA-A2+ HIV+ individuals had CTL that reacted
to SLYNTVATL, calling into question whether it is immuno-
dominant.
* 95 optimally-defined peptides from this database were used to
screen for INFy responses to other epitopes.
e 1/11 of the A2+ individuals was HLA A*0201, A1, B57 and
responded to QAISPRTLNAW noted previously to be A25.

HXB2 Location p24 (14-23)
Author Location Gag
Epitope AISPRTLNAW
Epitope name IW9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B57)
Assay type CD8 T-cell Elispot - IFNy
Keywords subtype comparisons, escape, characterizing
CD8+ T cells, reversion, viral fitness
References |Allen ef al.|2005a
* Two-thirds of all mutations arising in nonenvelope proteins dur-
ing the transition from acute to chronic infection were found
to be due to either CD8 T-cell-associated selective pressures
or reversion of HLA-I-associated mutations selected in a pre-
vious host.The predominance of escape mutations at highly
polymorphic sites was observed across different HIV-1 clades.
» Two escape mutations, at positions 1 (A146P) and 2 (1147L),
were found in the most polymorphic residue in the epitope.
Both were shared between clades B and C. Both were signifi-
cantly more variable in persons expressing HLA-B57.

HXB2 Location p24 (14-23)
Author Location p24
Epitope AISPRTLNAW
Subtype B, C
Immunogen HIV-1 infection
Species (MHC) human (B57, B63)
Assay type CDS8 T-cell Elispot - IFNy
Keywords rate of progression, cross-presentation by dif-
ferent HLA, optimal epitope
References [Frahm ez al.|2005
» HLA-B63-positive subjects were shown to be able to generate
CTL responses early in acute HIV infection and to control HIV
replication in the absence of antiretroviral treatment. Since
HLA-B63 shares the epitope binding motif of HLA-B57 and
-B58, it was shown that HLA-B63-positive individuals mounted
CTL responses to previously identified B57-restricted epitopes,
as well as novel, B63-restricted epitopes. Moreover, these novel
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B63-restricted epitopes can also be presented by HLA-B57 and
-BS58.

* This epitope was recognized by 30% of B63-positive subjects
and 29% of B57/58-positive subjects.

HXB2 Location p24 (15-23)
Author Location p24
Epitope LSPRTLNAW
Immunogen HIV-1 infection
Species (MHC) human (B*57)
Keywords HIV exposed persistently
(HEPS)
References |[Kaul e a/./2002
* Neisseria gonorrhea cervititis in 9 HIV+ Kenyan sex workers
caused a functional deficiency in IFN-gamma production in
HIV-1 epitope-specific CD8+ T-cells, detected by intracellular
cytokine production and tetramer assays, while not affecting
the total number of epitope-specific CTLs.
Ghonorrhea caused the weaker HIV-1 specific CTL responses
in 4 HIV-1 exposed persistently seronegative (HEPS) women
to become undetectable by Elispot and tetramer assays, and
CMV-specific CTL in 2 HEPS subjects were shown to have
impaired function with regard to IFN-gamma production.

seronegative
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HXB2 Location p24 (15-23)
Author Location p24 (147-155 11IB)
Epitope ISPRTLNAW
Immunogen HIV-1 infection
Species (MHC) human (B*5701)
Keywords optimal epitope
References |[Frahm ez al.[2007
* C. Brander notes this is a B*¥5701 epitope.

HXB2 Location p24 (15-23)
Author Location
Epitope ISPRTLNAW
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B*5701)
Keywords rate of progression, immunodominance
References [Migueles & Connors|2001
* HLA B*5701 was found in a very high frequency in HIV-1
infected non-progressors, 11/13 (85%) versus 19/200 (9.5%)
of progressors. Non-progressors tended to have an immune
response that was highly focused on four p24 epitopes that
were presented by B*5701, ISPRTLNAW, KAFSPEVIPMF,
TSTLQEQIGW, and QASQEVKNW.

HXB2 Location p24 (15-23)
Author Location
Epitope ISPRTLNAW
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B*5701)
Keywords rate of progression, immunodominance
References [Migueles & Connors|2001
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¢ CTL activity was monitored in 27 individuals, including 10
LTNP with an over-expression of HLA B*5701 — these individ-
uals have viral loads below the threshold of infection without
therapy, and their immune response tends to be focused on
peptides that contain B*5701 epitopes ISPRTLNAW, KAF-
SPEVIPMF, TSTLQEQIGW, and QASQEVKNW.

¢ CTL responses are broader in B*5701+ individuals with pro-
gressive viremia than those that control viremia.

e The HLA-A*0201 SLYNTVATL epitope response was not as
strong in individuals that carried both A2, B57.

HXB2 Location p24 (15-23)
Author Location
Epitope ISPRTLNAW
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B*5701)
Assay type Intracellular cytokine staining, Flow cytomet-
ric T-cell cytokine assay
Keywords rate of progression, escape
References Migueles ef al.[2003
* cDNA Gag sequences from a set of 17 HLA-B*5701+ progres-
sors and 10 LTNPs were obtained, and the variation in four
p24 B*5701 epitopes examined. Sequence variants were more
common (p < 0.01) in the epitopes in the progressors (median
3, range 1-7) than LTNPs (median 2, range 0-4).
* In general use of the autologous protein in a target cell did not
diminish the overall CD8+ T-cell responses.

HXB2 Location p24 (15-23)
Author Location Gag (147-155 LAI)
Epitope ISPRTLNAW
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B*5701, B*5801)
Keywords rate of progression
References [Klein er al|1998
* B57 has been associated with long-term non-progression in the
Amsterdam cohort.
* The most pronounced CTL responses in HLA B*5701 LTS
were to RT and Gag.

HXB2 Location p24 (15-23)
Author Location p24 (15-23)
Epitope LSPRTLNAW
Subtype C
Immunogen HIV-1 infection
Species (MHC) human (B*5801)
Country India.
Assay type CD8 T-cell Elispot - IFNy
Keywords subtype comparisons, computational epitope
prediction, immunodominance
References [Thakar et al[2005
* PBMCs from HIV-1 infected Indian subjects were tested for
HIV-1 Gag (with C clade peptides), Nef (with B clade pep-
tides), and Env (clade unspecified) specific T-cell responses. 5
immunodominant regions conserved across clades were iden-
tified in Gag and Nef. 3 antigenic regions were found to be
recognized by CTLs in the Indian subjects; these regions were
not identified as immunodominant in studies from Africa. 26

130

Gag p24 CTL/CD8+ epitopes

epitopes were predicted within reactive peptides, of which 90%
were clustered in the conserved immunodominant regions of
Gag and Nef. 3 of the epitopes were highly conserved across
clades, and 7 novel epitopes were found.

HXB2 Location p24 (15-23)

Author Location p24 (147-155)

Epitope ISPRTLNAW
Immunogen HIV-1 infection
Species (MHC) human (B57)
Keywords immunodominance
References |Betts ez al.J2000:

* Only 4/11 HLA-A2+ HIV+ individuals had CTL that reacted
to SLYNTVATL, calling into question whether it is immuno-
dominant.

* 95 optimally-defined peptides from this database were used to
screen for INFy responses to other epitopes.

* 1/11 of the A2+ individuals was HLA A*0201, A1, B57 and
responded to four B57 epitopes and two others, but not SLYNT-
VATL.

HXB2 Location p24 (15-23)

Author Location Gag (SF2)

Epitope ISPRTLNAW
Epitope name ITW9
Immunogen HIV-1 infection
Species (MHC) human (B57)
Keywords acute/early infection
References |Goulder et al.[2001a

 This epitope elicited the second strongest CTL response in
patient PI004 during acute infection, and maintained the re-
sponse.

* Three CTL responses, to epitopes TSTLQEQIGW, ISPRTL-
NAW, and KAFSPEVIPMF, were evident early after infection;
CTL responses to SLYNTVATL, QASQEVKNW, EIYKRWII,
and FLKEKGGL were detectable at 5 months post-infection
and beyond.

HXB2 Location p24 (15-23)

Author Location p24 (147-155)
Epitope ISPRTLNAW
Epitope name ISP
Immunogen HIV-1 infection
Species (MHC) human (B57)
Keywords HAART, ART, acute/early infection
References |Oxenius et al.|2000

* Patients who started therapy at acute HIV-1 infection (three
with sustained therapy, two with limited therapy upon early
infection) had strong HIV specific CD4 proliferative responses
and were able to maintain a CTL response even with unde-
tectable viral load — three patients that had delayed initiation of
HAART had no HIV specific CD4 proliferative responses and
lost their CTL responses when HAART was eventually given
and their viral loads became undetectable.
None of the 8 study subjects recognized this epitope but none
were HLA B57+.

HXB2 Location p24 (15-23)
Author Location p24 (15-23)
Epitope ISPRTLNAW
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Immunogen HIV-1 infection
Species (MHC) human (B57)
References [Ferrari et al.|2000
* One of the 51 HIV-1 epitopes selected by Ferrari et al. as
good candidate CTL epitopes for vaccines by virtue of being
conserved and presented by common HLA alleles.

HXB2 Location p24 (15-23)
Author Location p24 (147-155 SF2)
Epitope ISPRTLNAW
Immunogen HIV-1 infection
Species (MHC) human (B57)

Keywords HAART, ART, acute/early infection

References |Altfeld et al.[2001b
» Therapy provided during acute infection resulted in a narrower
CTL response, stronger T help response, and a less diverse
viral population than was seen in individuals treated during
chronic infection.
The breadth and specificity of the response was deter-
mined using ELISPOT by studying 19 individuals with pre-
seroconversion therapy (Group 1), 11 individuals with primary
infection but post-seroconversion therapy (Group 2), and 10
individuals who responded to HAART given during chronic
infection (Group 3), using 259 overlapping peptides spanning
pl7, p24, RT, gp41, gp120 and Nef.
Previously described and newly defined optimal epitopes were
tested for CTL response.
Number of HLA-B57+ individuals that had a CTL response to
this epitope broken down by group: 0/0 group 1, 0/0 group 2,
and 2/2 group 3.

HXB2 Location p24 (15-23)
Author Location
Epitope ISPRTLNAW
Epitope name Gag-IW9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B57)
References |Sabbaj et al.[2003
* Among HIV+ individuals who carried HLA B57, 2/5 (40%)
recognized this epitope.
* Among HIV+ individuals who carried HLA BS58, 0/4 (0%)
recognized this epitope.

HXB2 Location p24 (15-23)
Author Location
Epitope ISPRTLNAW
Epitope name ISP
Immunogen HIV-1 infection
Species (MHC) human (B57)
Keywords HAART, ART, supervised treatment interrup-
tions (STI)
References |Oxenius et al/2002b
 Using previously defined epitopes|Oxenius et al.|[2000l 2001a]
in an IFN? Elispot assay, 13 chronically HIV-1 infected patients
were studied over a period including therapy with standard
treatment interruptions (STI).
* STIs induced increased recognition of CTL epitopes, but there
was no correlation between CTL responses with viral rebound
rates, plateau viral loads, or clearance rates.
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HXB2 Location p24 (15-23)
Author Location Gag (147-155)
Epitope ISPRTLNAW
Immunogen HIV-1 infection
Species (MHC) human (B57)
Donor MHC A3, A28, B53, B57; A31, B7, B57
Assay type Chromium-release assay
Keywords TCR usage, genital and mucosal immunity
References [Musey et al.|2003
* CTL clones from blood, semen, cervix and rectum samples
from 12 individuals were compared. CTL clones derived from
blood and mucosal samples had similar high lysis efficiency,
primarily perforin dependent, and TCR? VDIJ region sequenc-
ing revealed cases of expansion of the same clone in different
compartments.
CD8+ T cell clones directed at this epitope were derived from
blood and semen of one male subject, and blood and cervix of
one female subject.
From the male patient, six clones that recognized this epitope
had three different patterns of TCR? usage: 2 from the blood
and 1 from the semen used V6S2DJ2S2; 1 from the blood
and 1 from the semen used VB6S2DJ1.1; and 1 from the semen
used VB7S1DJ2.3.
From the female patient, five clones that recognized this epi-
tope had different TCR? usage. Blood derived clones were
B?6S7DJ2.7, B?6.4DJ2.3, and B?6S3DJ2.1. Cervix derived
clones were B?6S3DJ1.4 and B?6S5DJ2.5.

HXB2 Location p24 (15-23)
Author Location Gag (147-155)
Epitope ISPRTLNAW
Epitope name ISW9
Subtype B, C
Immunogen HIV-1 infection
Species (MHC) human (B57)
Assay type CD8 T-cell Elispot - IFNy, Chromium-release
assay
Keywords epitope processing, escape
References [Draenert ef al.[2004b
» The A146P mutation flanking the ISW9 epitope (Pisprtlnaw)
is positively selected in HLA-B57+ persons and it prevents
trimming of the optimal epitope by the endoplasmic reticulum
aminopeptidase I. The A146P processing escape mutation does
not influence replicative capacity of the virus in vitro and is
accumulated over time in the human population.

HXB2 Location p24 (15-23)
Author Location p24 (15-23)
Epitope ISPRTLNAW
Immunogen HIV-1 infection
Species (MHC) human (B57)
Country Spain.
Assay type proliferation, CD8 T-cell Elispot - IFNy, Flow
cytometric T-cell cytokine assay
Keywords HAART, ART, supervised treatment interrup-
tions (STI), immune dysfunction
References |Plana ef al.|2004
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Structured treatment interruption (STI) alone is not able to
control viral replication in chronically infected patients, proba-
bly due to lack of strong, maintained T-helper cell responses.
HIV-1 specific CD8+ T-cell responses were shown to increase
significantly until the end of the follow up, but were not corre-
lated with viral load.

3/7 patients recognized this epitope.

HXB2 Location p24 (15-23)
Author Location (147-155 B consensus)
Epitope ISPRTLNAW
Epitope name IW9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B57)
Country United States.
Assay type CDS8 T-cell Elispot - IFNY, Flow cytometric
T-cell cytokine assay
Keywords characterizing CD8+ T cells
References |Allen ef al.|2004

* This study characterizes an escape mutation in a C-terminal
flanking residue of the HLA-A3 gag pl17 KK9 epitope that
inhibits processing, and is embedded in the overlapping HLA-
A3 RK9 epitope.

* The immune response was tracked in subject AC-38. The acute
immunodominant response was to the B57 TW10 epitope; this
response declined following viral escape (tsNlgeqigw) by day
64. The p17 KK9 and RK9 became immunodominant, but then
declined as the escape mutation arose. IW9 is 1 of 3 other
strong responses that persisted, along with 1 sub-dominant
response.

HXB2 Location p24 (15-23)
Author Location p24
Epitope ISPRTLNAW
Epitope name ISW9
Immunogen HIV-1 infection
Species (MHC) human (B57)
Keywords review, epitope processing, escape
References |Goulder & Watkins|2004
« This paper is a review of the role of CTL in HIV infection, and it
uses the ISW9 epitope as an example of an epitope that escapes
due to a mutation before the N-terminal end of the epitope.
The insertion of a proline prevents the aminopeptidase ERAAP
from cleaving the glutamine from the precursor, qPisrptlnaw,
preventing processing of ISRPTLNAW.

HXB2 Location p24 (15-23)
Author Location Gag
Epitope ISPRTLNAW
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B57)
Donor MHC Al, A3, B7, B57, Cw6, Cw7
Country United States.
Assay type CDS8 T-cell Elispot - IFNy
Keywords subtype comparisons, epitope processing, es-
cape, characterizing CD8+ T cells, reversion,
viral fitness
References |Allen ez al.|2005a
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* Two-thirds of all mutations arising in nonenvelope proteins dur-
ing the transition from acute to chronic infection were found
to be due to either CD8 T-cell-associated selective pressures
or reversion of HLA-I-associated mutations selected in a pre-
vious host.The predominance of escape mutations at highly
polymorphic sites was observed across different HIV-1 clades.
Characteristic changes in B57 epitopes in B57+ people were
mapped: ISPRTLNAW often has the substitution Lsprtlnaw, as
well as the proximal A->P substitution Pisprtlnaw.

HXB2 Location p24 (15-23)
Author Location p24 (147-155)
Epitope ISPRTLNAW
Epitope name IW9
Subtype C
Immunogen HIV-1 infection
Species (MHC) human (B57)
Country Ethiopia.
Assay type CD8 T-cell Elispot - IFNy
Keywords immunodominance, escape, variant cross-
recognition or cross-neutralization
References |Currier ef al.2005
 Epitope sequence variation and CD8 T-cell responses were
analyzed in C subtype infected HLA-B57-positive individuals
from Ethiopia. KF11 was the immunodominant response.
* ISPRTLNAW had a variant ISPRTLNAW in 7/10 B57+ sub-
jects, and 4/9 B57- subjects; 2 other variants were observed,
but there was no apparent sequence selection in this epitope.

HXB2 Location p24 (15-23)
Author Location Gag (147-155)
Epitope LSPRTLNAW
Immunogen HIV-1 infection
Species (MHC) human (B57)
Country Canada.
Assay type CDS8 T-cell Elispot - IFNY, Chromium-release
assay, Flow cytometric T-cell cytokine assay

Keywords mimics

References [Mason ez al.[2005
* CTL responses against the human IP-30 signal peptide se-
quence LLDVPTAAV were shown to be elicited by stimulation
of PBMCs from HIV-1 infected individuals with HIV protease
peptide 76-84, LVGPTPVNIL. In vitro stimulation with HIV
PR 76-84 or the IP-30 signal peptide was shown to activate a
comparable population of cross-reactive effector cells. None
of the peptides activated CTL in non-HIV-infected individuals.
IP-30 signal peptide was shown to have lower avidity T-cell
interactions than the HIV peptide.
As a control, responses to A2-restricted HIV epitopes ALVE-
ICTEM, EELRQHLLRW, and LSPRTLNAW were shown not
to give IP-30 responses.

HXB2 Location p24 (15-23)
Author Location Gag (147-155)
Epitope ISPRTLNAW
Subtype C
Immunogen HIV-1 infection
Species (MHC) human (B57)
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Donor MHC A*3001, A*66, B*4201, B*5802, Cw*0602,
Cw*1701; A*68, A*66, B*57, B*5802,
Cw*0602, Cw*0701
Country South Africa.
Assay type CD8 T-cell Elispot - IFNy
Keywords epitope processing, responses in children,
mother-to-infant  transmission,  escape,
acute/early infection
References [Pillay et al.|[2005
HIV-specific CTLs in infants were shown to be able to select for
viral escape variants early in life, despite a lack of escape with
the same CTL specificity in the mother. Infant CTL responses
may be compromised by transmission of escape variants that
arose in the mother and also those that arose in the father, if
the father was the source of the mother’s infection.
ISPRTLNAW is the C consensus form of the epitope and was
the autologous form in the mother, and was transmitted to
her infant. By 33 weeks a new dominant form of the epitope
had emerged in the infant, m\SPRTLNAW, and two additional
variants had arisen, one with a substitution proximal to the
epitope, pISPRTLNAW, and ISPRTLNAW.

HXB2 Location p24 (15-23)
Author Location p24 (147-155 11IB)
Epitope ISPRTLNAW
Immunogen HIV-1 infection
Species (MHC) human (B57, B*5801)
Keywords rate of progression
References |Goulder et al.[1996b
* Five slow progressors made a response to this epitope, and in
two it was the dominant response.
 Peptide defined on the basis of B*5801 binding motif, yet not
cross-restricted except at high concentrations.

HXB2 Location p24 (15-23)
Author Location Gag
Epitope ISPRTLNAW
Epitope name ISW9
Immunogen HIV-1 infection
Species (MHC) human (B57, B*5801)
Assay type CD8 T-cell Elispot - IFNy, Chromium-release
assay
Keywords epitope processing, responses in children,
mother-to-infant transmission, escape
References [Feeney et al.|2005

* Escape mutations in TW10 and other B57-restricted epitopes
were shown to arise early in infants following perinatal infec-
tion. Some escape variants were likely to have been transmit-
ted vertically, from HLA-B57/5801 positive HIV-1 infected
mothers, while others arose during infancy in cases where the
children inherited the B57/5801 allele paternally. In contrast
to adults, the majority of children showed a robust response to
the escape variants, suggesting that infants are able to mount
functional immune responses and drive immune escape 